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ABSTRACT . 

Described is a twWO-phase investigatTion of the 
electroacoustid. status of hearincf aids used fcy aurally handicapped 
students in thfe Los Angeles City Onified School District. The first 
phase is said to have involved field examination using portable 
electro acoustic equipment and the second phase to have included 
re-examination* of 10X of the field tested aids in a laboratory 
setting with la'boratory equipment. Results confirmed previous studies 
vhich report^ large numbers of aids malfunctioning and a large 
number of aids worn with gain settings so low* that they could not be 
expetted to help the wearer. Akong eight conclusions listed are -that 
audiOldgical service should include counseling and training of 
parents,, teachers, and children in the care and use of hearing aids; 
that r.eplace'ment parts, batteries, cords, earmolds and leaner aids 
should be provided as needed; and that electroacoustic evaluation of 
hearing aids should be made at least apnijally. (CL) 
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as a scientific report for the benefit of the field, however, the findings 
do not represent an official policy of the Bureau of Education for the 
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for education of the deaf as they establish their own standards, with 
{ respect to audiologic services. 
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' Foreword ^ 

During the past decade formal attention has been placed upon the use of hear-., 
ing aids by hearing-impaired children in public schools. Much of this attention has 
focused on the ready-for-use"' status of hearing aids. Mark Ross, in chapter I of this 
report, reviews studies that ^ave been made on malfunctioning of hearing aids. 
These studies show a large number of hearing aids that are not being worn, that 
are in poor physical condition, and that either are not functioning properly electro- ^ 
acoustically or have improper settings, ^ ' . ' c . 

Hearing aids represent a sizeable.fSersonal and/or social investment both in the 
purchase price and in their maintenance. Hearing aids that function properly are 
invaluable in 'Ihe education o^ hearing impaired children. When aids do not^work 
adequately they are waste of time, money, and educational efforts or^he part of 
both the learner and the teacher. 

In 1975 Congress reqiTested tttat the Bureau of Education for the Handicapped 
gOnduct a study of hearing aids used in public schools. The Los Angeles City Uni- 
fied School District was selected as the site to carry out this study, because it r-epre- 
sented a large diversified target population which included speciaf ^ools for the 
deaf, special classes for the deaf, and an integrated program in, the regular schools. 
The district also hat a system-wide audiological program. The design of the study - 
called for a two-phase ex;amination of the electroacoustic status of hearing aids as 
they are used by children in the school district. Two ini;lependent investigators per- 
formed the work of the study uhder the*general guidelines' provided A)y the prqject 
director. The first phase of the project was a field examination of the hearing aids 
through the use of portable electroacoustic test equipment. This phase is described 
by Fred H. Bess irt chapter II. The second phase of 4he study was a re-exarj^inaf^n 
of 10 percent of the field-tested hearing aids done in a laboratory setting v^ith.. 
• laboratory equipment. Michael R. Chial described this phas^ in chapter IIL The - 
laboratory phase of the .study .was designed to verify the field procedures. Only 
partially conclusive evidence can be drawn *from the comparison of the two phases, 
inasmuch as time^and money dictated that certain variables had to be exchjjl^^' 
from the scope of the studies. ^ \; ' 

The study does corroborate previous investigations which have found large^nuri-; 
bers of aids malfunctioning. At, the same time it cqijfi^i^ that good artd corisistem"' 
^ iji-^^rvice training programs m the care of hearing aids m^l result in better mainte- 
natice of ^hearing aids with^espect to batteries, cords*, and like accessories.. None- : 
theless, a large number of hearing aids tested^ out defective, evSn tinder fairl/ 
lenient standards. In addition, ei number of aids were being worn v/ith gain settings* 
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so low that they. could noX be expected to benefit the user. The general conclusions 
and recommendations of , the study ere: 

1. The original recommendation and selection of a hearing aid for a child^ 
should be made by a team of an audiobgist and otologist. 

2. The audiological -service should include training and counseling of parents,^ 
children, and teachers in the use and care of hearing aids. 

3. The hearing aid user should learn to detect malfunctions in his or her hear- 
irtg aid as soon as possible. 

4. The audiological service for school children should include replacement 
parts, batteries, cords, earmolds, and loaner aids as needed. 

5. The audiological services should provide auditory training as part of the 
early education program for hearing aid users. ; * ^ 

6. The audiological service should include at least an annual electroacoustTc^ 
evaluation of hearing aids. 

7. A systematic audiological assessment shall be a part of each hearing im- 
paired child's indivicjual educational plan and program. 

8. The hearing aid industry and the Federal Government should. explore inno- 
^ vative packaging designs for children's hearing aids so that they can withstand 
^ "the physical strains Mkety to be imposed by young users. 

As the project director, I wish to express my thanks to Jhe personnel, children, 
and parents in the Los Angeles City Unified School District for their participation 
in this study. * 

Dr. Ernest Wellenberg, Assistant Supervisor of the Division of Special Education? 

Mary 'Ann Mallis, Coordina^r, Deaf and Hard of Hearing Program; 

Dr. Victor P. Garwood, Senior Audiologist; 

Selma Appel, Coordinator, Itinerant Teacher Program 

'Audiologists: W. Murray 

Deril Sp^mitt • R, Lieberman 

Joan Nassberg . c. Seedman^ 

Rosa Osuna - R. Smithline 

Diane Mayberry * M. Smith 

Program Teacher Consultants: ' ^' Epstein (also Audiologist) 

Rebecca Kahn " Principals at Three Special Schools: 

P. Sanborn Mrs. .Celeste Baker, Mary E. Bennett 

Helen Healy School i 

Margaret Wilson . Dr. Rhoda Freeman, Marlton School 

Irene Wasell ^ Mrs. Shirley Mangin, West Valley 

Itinerant Teachers: * 

S. AaronsOn ^ ' ' 

V Principals at 14 Integrated Schools 

Principals at 18 Regular School Campuses 

Three nurses at Special Schools 

Three clerical staff ' * 
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Special appreciation is also given to the foll^ing consultants who reviewed the 
report: 

Dr.'Donald Calvert, Director, Central Institute for the Deaf 

Dr. S. R. Silverman, Director Emeritus, Central/Institute for the Deaf 

Dr. Lois Elliott, Audiology Program, Northwestern University^ 

Dr. Gerald Freeman, Director, Speech & bearing Clinic, Pontiac, Ml 

Dr. Sara'Conlon, Division of Personnel Preparation, OE/BEH 

Dr. Thomas Behrens, Division of Personnel Preparation, OE/BEH 

Dr. Joseph Rosenstein, Division of Inndvation & Development, OE/BEH 

The final chapter of this report contains guidelines for audiology programs for 
.hearing-impaired children by Mark Ross and Donald R. Calvert. 



Dr. Frank B. Withrow, 

Special Assistant to the Deputy Commissipner 
Bureau of Education for the Handicapped 
U.s! Office of Education 

t^loverfiber 1'976 - ^ ' - - - 
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* The appropriate selection of hearing aids and the supervision 'of the wearing of 
hearing aids are important aspects of th^ educatic5n of hard of hearing children. 
Hard of hearing children are auditory learners. They use their hearing as their first 
and primary channel for the acquisition and development of speech and language. 
With some variations and exception^, they can learn from the same educational en- 
vironment and procedures used with normal Vieari/ig children. To do this they must 
have the highest quality amplified signal that is indicated by their hearing loss. The 
fact that this is not the usual case is the primary subject of this chapter. Recom- 
mendations will be made which are designed to improve the utilization of hearing 
aids worn by all school-^ged hearing-impaired children. i 



The Performance of Hearing Aids Used ip Regular Schools 



In 1966, Gaeth and Lounsbury provided the first detailed examination of the per-, 
formance of hearing aids used by children in regular school , settings. Since that 
time, similar projects have essentially^ confirmed this first report whether they ex- 
amined populations in pi:eschool centers, special schools, or regular schools. 




Gaeth and Lounsbury ^^ated behayioral and physical characteristics of the 
hearlng.aids of 134 children. For 120 of the children, parent interviey/s were also 
conducted. The subjects ranged in age from 3*to 18 years and had pure-tone aver- 
ages '(Pf As) in the better ear of 66 dB or less in 85 percem of the cases. Sixty- 
three percent of the' aids examined were 3 years of age or less. Only half the par- 
ents reported that the aid made some (big. or little) positive differe^ice in the child's 
life; the others were uncertain. The most quoted portions of the Gaeth and Louns- 
bury study deal with the percentage of hearing aids Which were found 4o be func- 
tioning inadequately. Different figures are given in their report, and different figures 
can boused, depending upon the criteria one uses to assess "adequiacy." As they 
put It: 

If we were to define an adequate hearing aid as one worn by the child when 
, he came for his clinic appointment, with thewolume control set at less than 
"full" and with all parts present and functioning, then 31 percent of* the total 
of 134 children had adequate hearing aids.. If the 'requirements are liberalized 
and the facts overlooked that the child did not wear the heating^aid Me^U]^. 
came to the clinic, that live batteries had to be installdH as necessary,* and 
that the hearing aid was worn at full volume, then 5J5 percent of the hearing 
aids could be considered adequate. (Gaeth and Lounsbury, 1966^ p. 28^). 

Their results indicate, whichever criteria are used, that at least half the children 

were not obtaining maximum assistance from the use of their hiaring aids. The 

real situation was possibly even worse than this, since they -did not report the re^ 
• » , 

>The term "hearing-impafred" Is used generic^llr in ^is report to refer to any children with any type 
and degree of hearing loss (Ross and Qalvert, 1967; Wilson, Ross, and Calvert, 1974). 



suits of the detailed electroacoustic analysis which they performed. What we have 
learned subs^uently about' hearing aid% Is that an examination of the electro- 
acoustig characteristics of heacing aids reveals many defects not apparent in a 
physical or behavioral examination.^ ' . - 

The next study to provide a detailed apalysis of the hearing ai^ v/orn by children 
in a regular school setting was reported by Zink in 1972. Over a 2'year-period, he 
evaluated the electroacoustic performance of 195 hearing aids v/orn by children in 
regular schools. BehavJoral measures are not reported. His criteria for considering 
the performance of a hearing aid inadequate were: (1) one increase or'decrQase 
within tfip frequency range of the instrument of more than 15 dB, or two or more 
increases or decreases of greater than^ dB, (2) the gain and output measures 
were not within 6 dB of manufactu/er's specificattiohs, (3) harmonic distortion was 
'more than 17 percent at any one frequency> and (4) gain control taper did fiot 
detnonstrate adequate linearity to provide sufficient reserve gain. 

In the first year, (1972) Zink found that 60 of the 103 aids evaluated (59 per- 
cent)/ were rejected as not meeting his criteria, f^ifty-two of the 60 reje.cted aids 
were re-examined 'after they were presumably repaired and 18 (35 percent) were 
atill rejected. Of the 92 aids evaluated in tfre^econd year of the study, 41 (45 per- 
cent) were unacceptable. Ten of these aids were rejected for reasons other t(ian 
provided by his criteria; they displayed defective cords, receivers, gain controls, or 
were completely inoperative. The slight (13 percent) improvement in the perform- 
ance of the aids from the first to the second year yvas attributed to an increased 
awareness toward care of the instruments by tjpachers, parents, and cfiildren. 
" In another section of his study, Zink eval^^t§d the performance of new hearing 
aids as they were initially supplied to the children. Usjng the elQ,ctroacoust1c criteria 
as above, he found th^t 35 out of 75 (47, percent) were unacceptable at the end 
of the first year, an.d 7 out of 26 (27 "percent) new aids wefe rejected after the 
.seconcj yearlThe Increased acceptance rate in the second year was attribute;! to 
more selective care by the hearing aid dealers involved. As an interesting post- 
script to'his study, ^ink examined the performance or 35 used hearing aids which 
were donated to the children. His criterion was simply that the aids demonstrate 
a ''usable frequency response." Of the 35 aids examined, only 3 ♦(8 percent) were 
^ound acceptat^le. An electrgacoustic analysis revealed such a multitude of defects 
that it was pointless to categorize them further. Asf he*' points out, good intentions 
in donating ^ hearing aid should not substitute for a careful examination of the 
aid's characteristics and usability. Otherwise, childrew may be harmed rather than 
helped by such aids. ^ 

Two other studies evaluated the performance 'of hearinjp aids worn by children 
enrolled primarily iq/public schools. Findlay and Winchester (1973) examined the 
hearing aids of 109 children as they were seen for routine follow-up visits in the 
Children's HqspitaUn Philadelphia/ Eight of the children were below 3 years of age, 
60 were 3 through 6, 27 werre 7 through 10, and 14 were li years of age or more. 
The hearing aids were examined by listening, visual inspection, and electroacoustic 
analyses. There were problems wi^h either the hearing aid o> the earmold in 65 of 
the 109 aids. Problems with the aids noted were inadequate gain, excessive har- 
monic distortion, electronic malfunctions (static, noise, intermittency, etc.), battery 
'defects, and damage to either casing controls, cords, tubing, or receiver. Ear- 
mold problems included improper fit' in ear, poor coupling between mold and re- 
ceiver, cracked or broken mold, and cerumen blockage of sound-port. More defects 
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ai^d malfunctions were noted with the preschdokpopulation's aids than with those 
ofUhe older children. Twenty-three of the 109 children were seen for a second visit 
within a 6.month period with mix6d results. Some^had prol^lems the se.cond time 
but none the first, some had problems both times, and some had their initial prob- 
lems corrected by the time of the second visit. These observations demonstrate the 
necessity for an ongoing hearing aid monitoriog progi^am, because of the rapidity 
with wliich negative alterations in performance are pbssible. ' 
' Atthe University of Cincinnati Medical' Center, Schell (1975) evaluated between 
60 and 75 hearirtgaids each year for 2 years by. means of a visual, inspection, 
listenir\g, and elecMcoustic analysis. The aids belonged to children enrolled tn the 
Cmcinnati Public Schools. Her results indicate that about 45 percent of the .aids 
>ieeded major repairs for such problems as excessive distortion, reduced gain^fr^ 
quertcy response, while a few were totajly dead.. About 12 percent demonstratec^ 
minor problerVis, such as- with a broken cord or a. poor tube. The total plimber of 
malfunctions exceeded 50 percent which is comparable to the prevfous studies 
reviewed. . ... 

- . <» 
\ Hearing-Aid Performance in Special Programs - > 

One expects that when a child is enrolled in a "special" program for hearing im- 
paired children that the incidence of malfunctioning hearing aids would be greatly 
reduced because of the sensitivity to p6tential hearing aid problems, by the profes- 
sionals, in the prograh.. The published research supports this expectation onlyjn 
part In. programs in which the audiological compon,ent is 5tresse^i and audiologists 
are physically present and administrattvely tied to the program, then such expecta- 
tions can be fulfilled (Manners, 19l'3X However, when one audiolog.st is expected 
to serve the audiological needs of several hundred children,- sometimes all he or 
she can do is call attention to the problem and hope for its eventual amelioration. 
Two studies falling "in this latter category have' been published. ^ ~ 
^Northern, et al. (1972) identified 174 children witfi hearing .aids in a residerttial 
sdiool Notices had been sent to parents asking that?#ey ensure that their child s 
^hearing aid be sent to the school on a specific day for evaluation of its performance^ 
•Thirty-six of the aids were not available on the day of the evaluation, which would 

^ lead one to expect that these hearing aids played hardly any significant. role in the. 
child's life Of the 138 aid* exarr^ined, only 43 (31 percent) were found to be in 
satisfactory working condition. The most common ^deficiencies noted were broken 
or poorly fitting earmolds; broken ojriaulty receivers, switches, battery contacts 
cords, and batteries; and excessive noise, and distortion. At that time, the school 
had only-part-time audiological services available. v. ^ u " 

Porter (1973) evaluated 113 children at the Kansas School 'for the Deaf who 
'were brought to the clinic directly frdm the classroom.'. He felt that the results of 
his evaluation would thereby provide a reasonably accurate P"=*"''^;°* J.";^^ f 
tione of the hearing aids a>s they were used in classrooms. Of the 113 children.^cJl 
were not using iodividyal hewing aids, though aids had either been recommended 
or repair of existing aids suggested. A'l^otal of 82 aids were available for the study. 
The hdbring aids were examined through visual; listening, and electroacoustic anal- 

' yses. The results, as Porter points out. "can only be described as disheartening, 
although not entirely unexpected. Forfy-two (51 percent) of these tids were )udged 



-not to be in adequate operating, condition at the time of the evaluation." Many. of 
. ttie. problems were e^ly observable and some readily .correctible with a routine^ 

inspectioR proceddi-e.'Tor example, 10 of tkg' aids had dead batteries and 10 -of 
; the chilcfre> had -inadequate earmolds^ Problems w'ith cords, switches, volume coA- 
'trois. and like, components wferV' also, noted .'in otRer aids there were marked 
changes in the frequency response, or excessive distortion. A separate' analysis of - 
the mcidence'of faulty functioning. tor the day students' ?jds as.contr^sted With the 
^residential students' aids<^ealefl[ that th^'same percentage 'of malfunctions- oc- 
curred. Jfir^xpectatibn..that tlje* greater parent involvem.6nt with day students 
^ would reduce the number of hearing aif|-malf^cictions Was not -fulfill^. ■' . . ' 
■ The topic of^ hearing-aid malfuncti«05'prbvides a good example oihow an applied 
research prefect can-lead to a program rhocH^icatiQn for the>^termfent of children. 
In 197*-, Coleman reported a study rega^^ding hearing aid stability in,a preschool 
program located in the Bill Wilkerson Center in Nashville. HfifevaTuated 25 hearing 
aids over a 9-month period in 2-week intervals'ahd.founc^reaults' similar to Xho^e^o 
observed in other studies, namely, ^hat about'SO perce-nfot the aids wefg either 
not funj^tionrng*or functioning improperly. Large.^re^quency response changes oc?- 
-curred in about 30 percent of the aids, with higlfjdistortioh products. chat^acterizing 
one-fourth of TWs^s (Coleman, 1972). Thersecond half of this project jinvolved a.'- 
training program in which rJ^, graduate stu^ertts, -arid staff wQ^e taught to 
troubleshpot hearing aids onTd^ily basis. At theynclusibn of the tcainrng pra-V 
gram, the incidence of- faulty functioning was reduced\to atibut 20 percent of ttie • / 
, aids tested. In a- later report, Coleman wrote somewhat pessimistitally concerning 
the effectiveness of the twice-weekjj^onitofirig prbgram ^^stituted' during the se(? 
<3nd -part of the study (Coleman,. 197 5;). T^e basis. of his discouragen>»^t-was . 
obvious: ih an "acoustic" preschool, with' a conjinitment to maximizing use of ' 
residual hearing, with adequate staff and facilities, breakdown in bearing aid per- 
formance still occurred on a regula'r basis. However*, in the same facility, Hanners 
^and Sitton (1975) instituted a daily hearing-aid monitoririg program with reported 

positive results. A hearing aid monitor kit. Was assembled, a testing protocol was - 
' established, -a formal parent trainin^p.rogram was developed which included sound- 
slide medi^^^d. booklets, and aitQutine, daily monitpring of hearing aid perform- 
ance accon*Wied. On the. ba^s of^the reduced malfunctions "of hearing aids, the 

walfbeei 



condition children's aids, and tfie positive reactions of the teachers, J^e 

program wal^eemed a success. 



Discussion 
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'The agreement among all the projects which have b^en reviewed by this author 
indicates that the incidence of faulty hearing-aid operat^n is foo great to be purely 
coincidental. On numerous occasions, many educational, audiologists have-con- 
sulted artd conferred with industry representatives* encouraging therji to. att^pt 
to build "a^ child-proof" hearing aid. Some companies have been sympathetic' and 
have attempted to respond t^sach' ple^s. However, the heafthy, normally ram- 
bunctious child has defeated our best* efforts tcf'date. Although one would hope 
that it is possible to improve further. the durability of conventional hearmg aids, the 
children w-e deakwit^j^re apt to be" a, lot tougher than^the toughest of our instru- 



ments. Solutions to our problems— how to keep a child's hearing aid working in an 
' optimal fashion — will h^ve to be sought through other approaches. 

Actually, the deplorable litany of hearing-aid malfCfnctions descnbed above pre- 
"•ir^aents an optimistic picture of4he real Situation faced by children" wearing aids in 
school. The hearing-aid user is faced with .a number of othecrelevant factors which 
. reduce the fidelity of the amplified speech signal received through a.hearing aid. 
Two factors, the/'\iegative effects pf^ classroom acoustics, 'and^ the necessity for in- 
* divkJualizing the'electroacoustic characteristics for a particular child have been 
identified by the author elsewhere '(Ross, 1973, 1975,. 1976). The ^dvant^ges of 
binaural amplification for most children, 'supported by a number of recent research 
projects, is another relevant consideration (Fisher, 1964; Kuyper and deBoer, 
. 1969; MacKeith.and Coles, 1971; Ross, et aL, 1974; Yonovitz and Campbell, 1975; 
l^abelek and Pickett, 1974; Derrpody and Byrne, ).975). . ^ * 

In summary, \he obstacles preventing a hearing impaired child frofh obtammg 
the maximum benefit from amplified sound are: ' • 

' 1. many hearing impaired children who can potentially benefit to some degree 
from the use of a shearing aid do not have one; » 
2. a significant percentage of children who do possess hearipg aids do not 

' wear/fhem; , \. 

^ a.-lhe hearing aids of. approximately 50 percent of the children who do wear 
them gre either inoperable or malfunctioning on any given- day; 

4. the acoustical conditions pertaining in the average classroom virtually pre- 
clude the reception of an adequate speech signal; 

5. the electroacoustic characteristics of a perfectly functioning 'hearing ^id 
must still be modified to some^extent to reflect the individualized pattern of. 
hearing impairments if the piaxmium potential benefit is tb be received; * 

6. the evidence supporting binaural amplification for most hearing impaired 
individuals is not uniformly reflected in actual practice; 

' 7. perhaps the most important reason of all, the widespread ignorance among 
professionals" and lay people of what amplified sound is. all about, and their^ 
apparent reluctance to correct the situation. 

Indeed sufficient sophistication exists* {or many of th^se pVofessionals for them 
-to realize the extent and implications of their own ignorance. «uch a knowledge, of 
course, is the basic prerequisite for progress. Coleman <1975) provides som.Q dis-^ 
turbing insights which support these harsh, but necessary comments. He found 
that reactions to news fhat 50 percent of children's hearing^ids we^e not operating 
adequately on any given day ranged from expression's of 'amused chagrin, to 
p§eudo.scientific questions regarding the educational impact of inadequate or ab-„, 
sent^amplification, to attitudes of hopeless resignation. 



Recommendations 

^ There was one common recommendation made in all the/studies which reviewed 

the* performance of hearing aids vw)rn by children: the nebd for the informed in- 
' . volvement of all parents and professionals in the hearing aid monitoring process. 
It is unlikely in the foreseeable future that the stability and durability of hearing 



aids will be- sufficiently developed' to obviate the need 'for this involvement. Vyh^t" 
, ever the technical impediments that preclude the manufacture of the "chrld-proof" 
hearing aid, the economic motivation is simply not there: children represent a. minor 
proportion of the total hearing-aid market,' from 10,000 to 15,000 hearing-aid sales 
^ - annually. If we accept- the notion that hearing-impaired children require the best 
functioning hearing aid for their optimal development of communication skills, then 
. we must accept the commitment to implement .an ongoing, intensive progr^im of 
hearing-aid monitoring wherever hearing impaired chiJdren are being educated in 

- school and at home. 

— - The presently fragmented methods of delivering educational and clinical services 
to'hearing-impaired children make this a. difficult goal to-realize.-fiesponsibility for 
, supervising qtility of hearing aids is diffusely distributed a'r^iong pirents, regular 
teachers, special teachers, speech pathologists in the public schools,, independent" 
speech and hearing clinics, and in some localities,' educational audiologists. .Educa- 
tional -audiologists possess the greatest degree of. professional expertise in the area 
Qf hearing ajds. In a comprehensive auditory-based program for hearing impaired 
children, hearing-aid monitoring is only one component; nevertheless! some way 
must be found to ensure that the skills of the educational aildiologist are a functional 
part of the child's routine school program. 

A detailed examination of possible service delivery 'models which include the cen- 
tral role of the educational dudiologist is.^beyond the scope of tht^ paper. We have 

^ some exapiples in some localities in city and coun?y-wide educational ' programs ' 
Which emplo/ educational audiologists to Qversee the recommendation and usage, 
of -amplification for the hearing impaired children. This is in addition to their re- 
^ sponsibilities in supervising, and perhaps ponducting, the hearing screening pro- 
gram. Test facilities are an integral component of such a program (with mobile 
vans an exciting possibility in the more rural areas). ^Unfo'rtunatefy, not all State 

- Education Agencies have certification, requirements for educational audiologists, 
so that even if an educational system wanted to employ such persons, there is ho 
legal way for them to do so. training of audiologists to me'et the new challenge 
of providing. audiological necessities for the hard* of hearing- child in the regular 
school is still lagging at the university level. There is, however,, a rising awareness 
of the. hard of hearing cWld's needs and a new' commitment by training centers to 
train audiologists to meet this new challenge. What is most needed now is an 

. awarencfss on the State level of the potential value of educational audiologists, and 
an energetic effort to devise educational models and certification requirements 
so that hearing impaired children might have the benefit of the best amplification 
and educational programs possible. . ^ . ' ■ 
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*• Jhe heaVing a[dicfipresents th^ hearing handicapped individual's primary link to 
an acoustically ^Orfiinated society. In or^r to insure that a hearing impaired child 
gains the maximum f)Ossible educational benefit through audition it is essential 
that hearing aids perform $atrsfactorily"oh a continual basis. Unfortunately, several 
studies (Gaeth and Ldunsbury, 1966:^Zink, .1969; and Coleman, 1972) have re- 
ported that the performance of children's hearitig aidsfused'in the classroom is 
frequently inadequate an^ ufireliable. These studies have estimated that as many 
as 407-50 perceht of children's hearihg aids in the educational setting perform un- 
satisfactorily. . / \ * ' \ 

The purpose of this- study is to contribute further information relative to the 
characteristics-^ot^chil.dren's^h^aring aids as used in a large metropolitan school 
system. \ ^ r • ^ . - / . 

Methods and Procedures \/ 
Descriptibn of^ublic School Program . v , / 

The sample of hearing aids was taken from the program for'thfe hearing impaired 
within the special education division of the Los Angeles Unified School District. 
This large, diversified edycational program provides service/ to over 1,000 mod- 
erately and severely hearing-impaired children in the meyropolitan Los Angeles 
.area. The program is divided into three basic units. One dw\s\6n serves those chil- 
dren who are in need of special schools and/or classes. 5elf-cont^ined cla^rooms' 
for preschool, elementary, secondary, and postseconda/y levels are 6ffered. The 
second division is designed , to provide integration foi/ hearing-impaired children 
withih' the regular elementary and secon^ry schools./ln this setting, 'Children re- 
ceive assistance from a,resouree-room teacher of thfe hearing impaired while at- 
tending classes and other school activities with students of normal hearing. The 
^ third division 'allows the hearing-impaired child to/remain within his or her pwn 
neighborhood school while an itinerant teacher^provides specialized tutori^ assist- 
' ance two of three times each week. / ^ 

A staff of educational audiologists provides continued audiological management 
to the children in' each program. For the niosy part, services consist of hearing 
assessments, teacher-parent-administratffi consultation, classroom consultation 
for amplication equipment, monitorin^f children's hearing aids, and in-service 
instruQtion for classroom teachers of'the liearing impaired. Pertinent to thfis 'study 
is the program for hearing-aid management which .began in .September 1975. 
Inservice training is provided for the teachers of the hearing impaired to establish 
daily monitoring programs within the schooj system. Teachers are provided with 
battery tester$.and ape taught to troubleshoot typical hearing aid problems. Parents 
ar^ also provided, with information on fhe cate and .maintenance of their children's 
hearing aids. Samples of, the forms used in the school mbnitoring program are 
shown .'in appendix A. / . ^ , ^ 



Sawpiing Method and Procedures . . 

The goal of this study was to assess 150 hearing aids:. randomly selected from'a 
stratified^sample of, hearing aid users in the Los Angeles system. Joward this end,*, 
release forms (appendix B) were distributed toJSS parents whose hearing-impaired 
children attended 18 different Los Angeles schools. Tjife parent 'of 136 children 
consented to provide tKeir children's hearing aids for study. Many of the .pupils 
wore binaural systems. From this group, 150^ hearing-aids were.Hnitially' selected 
for evaluation. 

The hearing aids were examined during the week oi F^brflary 2-5, 1976.* The 
condition of each aid was inspected first for any obvious prol?lem^ oj pf^ysic^l dam- 
age, such as occluded earmolds, bad tubing, cracked cases or receivers, and .frayed 
cords. ElectroaGOustic measurements were then obtained for each hearing'aid. The^ 
instruments were analyzed at five. different central school tocatiOQSMfo^ a few' 
hearing aids were selected from a specific school, teachers or assistants brought 
the children's instruments to a central location. The liearirig aids used by 103 ' 
children were analyzed; 18 worp binaural systems. The.^ot^ examined was 12L 

It IS. important to note that 37 children who initially were volunteered to partici- 
pate in this study either did not wear their hearing aid on the day of the analysis 
or failed yi come to school. Thus, in order 'to obtain a larger sampling of hearing 
aids, it was necessary to examine more binaural systems than was anticipated'. 
Sixty-six, or 54 percent of the instruments w?ere head-worn (ear level); 55, or 45 
percent were body-worn; six of the body hearing aids utilized a y-cor-d arrangement. 



Apparatus, and Proc^ures to Establish Electroacoustic Measurements 

Apparatus * ^ ^ ' 

An HC 2000 Phonic Ear Acoustic Computer, associated with a prototype Phonic 
Ear strip chart recorder (HC 2200), was used for the electroacoustic analysis of 
the hearing aids. This apparatus provided sweep frequency output response .char- 
acteristics as well as total,^ ^tyi ^nd 3rd harmonic distortion in percent for Input 
levels varying from 50-11DQ dB sound pressure level ($PL). The test microphone 
and chamber of the acoustic coiriputer were checked on aperiodic basis each day. 
Calibration of the microphone (High Dynamic Telectret) was checked using a T 
Bruel and Kjaer'(4230) calibrator which emits a 1000 Hz pure tone at 94 dB SPL. 
An external calibration potentiometer was adjusted until a 94 dB signal was ob- ^ 
tained oa the dB SPL digital display. 

•The SPL within the chamber of the acoustic computer was examined by placing 
the regulator microphone perpendicular tOvthe sound source about Vi" from the' 
test microphone. An 80 dB SPL input waS then' introduced to the chamber and the- 
calibration potentiometer adjusted until 80 dB was obtained on the dB SPL digital 
display. Throughout the experiment, calibration was found to remain^'stable. 

Procedures 

Each aid was analysed under two different conditions! First, measurements were 
taken* at an "as worn" setting! Tfiatls, the hearing aid was examined at^the same 
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volume setting and battery the child was usipg at the time. Second, a series of 
''standard" measures were obtained, always utilizing a fresh battery. 

Each aid was placed in the chamber of the acoustic computer. The output of 
each aid's receiver was* coupled to a 2-cc coupler (Breul and Kjaer — dB 0138) 
and microphone. A 3^" number^l5 size tubing was always used in associatipn with 
the ear-level instruments. The amplified output was then displayed and printed out 
by tfie prototype strip chart recorder. 

For the "as worn" setting, a 70 dB SPL input signal as recommended by Rintel- 
mann and Schumaier (1973) was employed for a sweep frequency and totaf har- 
monic distortion response. The "standard" setting measures consisted of acoustic 
gain, saturation output, total harmonic distortion, and a basic frequency response. 
The acoustic gain of the hearing aid was determined with the volume control at its 
maximum (full-on) position using' an input of 50 dB SPL. Saturation output was 
measured with the volume control at maximum position and using, ^ inpufof 90 
dB SPL Total harmonic distortion was made again with the volume control at maxi- 
mum and employing an input signal of 75 dB SPL. Finally, a basic frequency re- 
sponse was measured by using a 1000 Hz input at 60 dB and adjustin^,the garn 
control until 100 dB SPL had been achieved within the 2-^c coupler. 

Results 

Physical Condition of Hearing Aid^ 

Twenty-seven percent of the 121: hearing aids were judged unsatisfactory in at 
least one category of physical wear. The percentage of hearing aids considered 
inadequate in each of these categories is displayed graphically in Figure 1. Thirty 
percent of the, ear-level instruments were rated as having poor tubing. Five percent 
of the total number of hearing aids exhibited either broken or cracked c,ases, and 
8 per/jent of the earmolds were found occluded and/or cracked., Finally, of thre 
body-wom hea/ing aids, .9 percent had broken and/or clacked receivers; ^4 per- 
cent of the cores' were considered unsatisfactory. These findings are in agreement 
with Peck (1969) who found that one-third of 24 hearing aids hevexamined were 
inadequat^e for classroom use. ' ^ * 

The batteries of all hearing aids were examined for voltage output. If the voltage 
reading was less than the fully specified rajing f^jr a given cell, batteries were 
considered weak. Using this criteria, 15 percent qf the- hearing aids were not at 
full strength. The findings were better than expecied. Coleman in 1972 reported 
that 40 percent of the batteries fron^ 25 hearing aids wof-n by hearing-impaired 
children failed to attain gt least 7^ percent of the rated voltage. Two factors may 
provide an explanation for the improved results obtained ia the present study. 
First/recall that release forms w6re distributed to the parents of all prospective 
participants. This- may have resulted in parent^makfng a conscious effort to 
provide a.' fully-charged^ b&ttery on \he day of the^t. However, the parents did 
not know exactly. whQn the aid was to be tested. Another -factor may be the 
hearing aid monitoring program initiated by the audiology ^taff in September 197*. 
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Flgure^l. — Percentage of hearing aids exhibiting faulty components. 

** - / 

E/ecfroacousf/c Analysis of Hearing Aids ^ . » , , 

•> * f. 

- The acoustic data for hearing aids were analyzed, first, by examining group total 

^harmonic distortion *(THD); second, by determining the acQu^tic gain, and third, 
by comparing a sample 6f bearing aids and their acoustic measurements to manu- 
facturer's specifications. • 1 

Total harmonic distortion for the *'as vyorn" and "standard" conditions were 
.computed for SPO, 700, and 900 Hz. The average THD>for the three frequencies* 
was also calculated. The number of hearing aids in percent exhibiting an average 
THD of >10 percent, >20 percent,^ >30 'percent. and >40 percent is displayed 
in Figure 2. As expected, when a 75 dB input is Used With the volume control at 
maximum, higher THD measures were obtained than was found in the "as worn'' 

' condition. For both conditions, /however, high average THD levels were obser\yed. 
Seventy-four percent of 'the hearing aids exhibited average THD of >10>percent 
for the "standard'; nreasure while-^7 percent of the hearing aids jn the "as worn" 

1 condition showed THD of >10 percent. ^ • * 

Significant is -the large number of hearing aids which exhibited average THD 
in excess of 20J 30, and 40 percent for the "standard" and '"as worn" conditions. 
For example, With the "standard" measure, 48 percent of the hearing aids ex- 

. ceeded 20 percent THD, 24 percent were in excess of 30 percent THD, and 14 
percent produced distortion greater than 40 percent. In the "as wdrn" condition 
10 percent, of the hearing aids distorted greated than 20 percent', 7 percent ex- 
ceeded 30 percent THD, and 5 percent was greater than 40 percent THD. 

A more detailed summary of the obtained THD levels is presented in Table 1. 
This tgble presents the percentage of hearing aids e^dlibiting four different degrees 
of THD at 500, 700, 900 Hz and the three-frequency average for both the Vas 
worn" and "standard-" conditions. Again the large number *of aids- producing dis- 
tortion in excess of 20 percent is evidenced. 
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Figure 2. — Nuipber of iiearing aids "in percent showing average THD^IO percent, 
^20 percent ^30 percent/ ^40 percent/- 

.Table 1. — Percentage of hearing aids exhibiting degrees of THQ at 500,-^0, 

' 900 Hz and a three-frequency average for both "as worn"'dft 
: ^ ard" measure conditions* ^ 



•startd'- 



Amount THD (in %) as wprn 

^ or THD 500 Hz 700 Hz 900 Hz Aver. 



THD (in '%) standard measure 
500 Hz 700 Hz 900 Hz Aver. 



>10% 


31 


23 


21 


27 


64 


73 


67 


74 


>20% 


14 


10 
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10 


50 


■50- 


35 


48 


>30% 


11 
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31 


23 


16 


24 


>40% 


8 


■ 6 - 


4 - 
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19 


15 


12 


14 
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Acousf/c Ga/n 

* The a^ustic^gain at 500, 1000, and 2000 Hz ^s averaged for the "as^ worn'' 
attd "standai^d" conditions. .It 'js of interest to note t|iat fpr most children the 
acoustic gain was considerabiy. less in the "as worn'' setting-than ^Vthe "standard'' 
setting. For example, the mean acoustic gain for the 121 hearing aids in ttie-^'al 
worn" condition^was only 38 dB, while the mean gain for the "standard" measure 
was 59 dB — an average difference of 21 dB. 



17 



21. 



50 



I- 
z 

LU 

O 

o: 

UJ 

a. 



o 



o 
z 

q: 
.< 



45 - 
40 - 

35 
3P 
25 
.20 
15 ■ 
10 
5 



1^ 



"^S WORN" 



'STANDARD MEASURE" 



^ti HU I»«1 



V 



<40dB. 



<30dB' 



<25dB , 



AVERAGE ACOUSTIC GAIN 




Figure 3. — Percentage of hearing aids producing gain value 40 dB orlessr. 

Figure 3 illustrates in more detail the differences which existed betweer\ the 
two cgnditions. This figure displays the^ percentage of hearing aids wifhin eabb 
condition producing specified acoustic gain values.' Appafent^is the humberlof 
hearing aids producinjg low-gain values at the "as worn" setting. Over. 40 percent 
of the hearing aids produced gaSn levels of 40 dB or less, while^27^percent pro- 
duced gain values of >30 dB. Additionally, the small percentage ^f* aids /with 
acoustic-gain values of <40 dB using a^'^stan'dard" rifieasure imp/es Ithat most 
instruments under this conditio^ produced values in excess of 40 dB/ , - 
'The acoustic-gain values in the "as worn" setting suggest that rtiany of the 
children with severe-to-profound hearing losses were wearing "their^ hearing aids at . 
volume control settings insufficient to compensate for the heafring impairment. To 
examine this.*possibility more closelyr 3^5 of the children's hearing alds^vyere ran-. 
domly selected from the pool and their "as worn" gain values w^re examined in 
relation to the hearing loss. Twenty 6f Ihe losses were classified a$ profound 
(>91dB), ten were severe (71-^0 dB), *and five fell into^the moderate-severe cata- 
gory (55-70 dB). For those children with profound liearing losses^ 45 percent of 
the hearing aids produced gain levels of 35 d^ or less. Fifty peitgpt^of the heafing 
aids yielded gain values of <35 dB for the severe hearing iQjs cate^ory^nd^ 
percent for the moderate-severe losses. These findings' are sirnilar to tbfe'res^lfs^ ' 
of Gaeth and Lounsbury (1956) who reported that gain w^* inadequate fo"r'52 per- ' , 
cent of the hearing-impaired children examined. Other Jfivestjgators have similarly 
reported that individuals tend to use hearing aids at low gain levels (Brooks, 1973; 
Martin, 1973; Skalka and Moore, 1973; and Bryne and; Fifield,. 1974^.^ ' 
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Comparison to Manufacturers' Spec/f/caf/ons . » ^ 

'Thirty-fi've.' or 29 percent of the hearing aids were randomly chosen from the 
pool of 121, and s^'ecjed acoustic measurements were compared to the manu; 
facturers' specifications. The electroacpustic measu>ernents chosen for study m- 
cluded acbustic gain, saturation outpui, and basic frequency response. Tolerance 
limits suggested in the draft proposal of the American National Standard For. 
Specification of Hearing Aid Cha^acjeristid (S3.22, 1975) were modified and used 
to determine whether" a .^elected aid agreed with thq manufacturers published 
specjfications. . • ' , . '* 

For acoustic gain, a tbleraH^ of +5 dB of the manufacturers' specified value 
for the average of. frequencifes 500, 1000, and 2000 Hz was considered acceptable, 
for saturation, output, allowable tolerance was examined first for peak value at 
1000 H2 and second for'an^aVerage of.500, 1000, and 2000 Hz. In both instances^ 
allowable tolerance was any value falling within^ ±4 dB-of the manufacturers' 
-sp^ified amount. To establish the toler"^ce liqriits for the basic-frequency response 
curve the following procedure was employed: 

From the pignufacturers' published frequency curve the average for-response values 
1000, 1600, and 2500 Hz was determined. Twenty.d6cibels was. then sub1;racted 
from this amount, and a horizontal line was drawn parallel to the abscissa so that 
it intersected at both the high and low frequency ends of the response curve. A 
±4 dB tolerance was used ^t the tow band for frequencies yp to 2000 Hz and ■ 
±6 dB at the high band for frequencies between 2000 and 4000 Hz. The upper 
and Ifiwer limits for the entire response curve ciould then be calculated* Addition- 
. ally, a horizontal allowance of ± 10 percent in frequency was permitted. 
• -The percentage of hearing aids failing to agree with manufacturers' specifications 
for tKe different adoustic measures is summarized in Table 2. Regardless pf the 
measure, 25 percent o^-more of «*he hearing aids failed 'to meet manufacturers , 
speciiicatipns. More importaritly, 80 percent ofjlie instruments did not agree with 
the p^bUsTted specifications for frequency response. While it is apparent that many 
of the hearing aids were not compatible with'^fhe-^manufacturers' data, intefjareta- 
tion of these findings must be made with-sonrte caution. First, not all manufacturing 
companies specify how an acoustic measure was determined; and under such con- 
ditions we assumed that procedures suggested by the Hearing Aid-lndustfi^ gon-. 
ference (HAIC) were employed. Second, hearing aid models are constantly beings 
modified and - refined. Consequently, the same model may exhibit some mmor - 
changes in electroacoustic. specifications over a period of time. ?iwen the time 
limitations of the present investigation, it was notTDOssible to obtain the specifica- 
tion information supplied at the time of manufacture of the hearing aids evaluated 

Table 2.— 'Percentage of hearing aids failing to agree with. manjifacturer.s' specifi- 
cations for selecte4:|Ji^troacoustic measurements (N =\35). 



Acoustic gain " 


Saturation output 
1000 H^ average^ 


Frequency response 

\ 


38% 


25«5/o 30% 

P r—. 


. " 80% 
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in this study. Nonetheless, this- writer ^s impressed with the num^Der of aids not 
meeting specifications, when available. ■'. ' ^ • 



^ * Discussion 

^ The results of this study confirm previous- reports tf?at a large percentage of 
children's hearing aids in the public school setting do apt provide adequate per- 
formance. Irrespective of the measure analyzed, a minimum bf 25-30 percent of 
the hearing aids were ^found to' perform unsatisfactorily. 
V The physipaf condition of the, hearing aids was judged inadequate ,27 percent 
of the time. This finding is somewhat surprising in view of the aubiqlogic hearing- 
aid monitoring program in effept in the school that cooperated in this study. Per- 
haps the {nonitoring program needs to place more emphasis on the care and main- 
tenance of hearing aid components. Only 15 percent of the' hearing-aid batteries 
were not at full strength. This result represents an^ improvement over previous 
findings (Coleman, 1972) and is most probably due to the hearing-aid monitoring 
programs provided by the audiologic staff. - i 

The data obtained on harmonip distortion are difficult to interpret. Not pnly is a 
standardized measurement unavailable, it Is not yet clear what effects distortion 
has on the hearing aid user. Some research, however, has suggested- that harmonic 
distortion in excess of 20 percent causes, degradation of speech' intelligibility 
(Harris, Haines,' Kelsey, et al., 1961). In. the present study, 48 percent of the 
hearing aids exceeded 20 percent TKD for the 'Mandard" measure.- The large 
number of hearing aids showing high distortion levels may be due partially to our 
use of a 75 dB* input. Such a level approxirpates the point of saturation^'for hearing 
aids, thus accounting for higher distortion values. ' V * 

Nevertheless, the nonlinear distortion .values obtained in this study were.greater 
than one expected to find in the average hearing aid. Lotterman and Kasten (1967) 
observed harmonic distortion as a function of gain-control rotation fn 35. clinic 
stock instruments using a 70 dB SPL input. At the maximum gaih-control setting 
they found that the nonlinear distortion for body-worn hearing aids (N-f7) aver- 
aged 21 percent at frequencies 500, 700, and 900 Hz; ear level Instruments 
averaged 9.6 percent The present study observed considerably , higher distortion 
values using similar measurement procedures. ^ ' ^ 

The "as worn" measure of harmonic distortion may provide a more realistic 
indicator of the distortibn affecting the hearing aid user. Ten percent of the instru- 
ments exceeded 20 percept THD. However, over 40 percent of the children used 
volume settings which produced gain values of 35 dB or less. Such mild gain 
settings most li(<ely resulted in a lowering of the overall THD value^ in thia study. 

A significant fin'ding of this investigation was the acoustic-gain values obtained 
in the' "as worn" condition. Many children with severe-profound hearing Iqsses were 
wearing their instruments at volume setting insufficient to overcofne' the ^auditory- 
impairment. In Tact, some of the children vyere receiving only minimal benefit from 
their hearing aids at the "as worn" volume setting. 

It has been reported previously that persons\select gain ^ttings which appear 
insufficient to compensate for the hearing impairment>(Gaeth and Lounsbury, 1966; 
Brooks, 1973; Martin, 1973; Skalka and Moore, 1^73; and Bryne and Fifield, 
1974). Brooks (1973) indicated that for every 2 dB of hearing toss, the ayerage 
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hearing aid user employs a gain of 1 dB. In this investigation many children wore 
the volume control at gain ^settings which vyere less than one-half the amount of 
hearing Impairment, For example, in a sample of 20 chi j.df enr with profound hear- • 
ing losses (>90 dB) 45 perdent used- gain settings of 35 dB or less. 

Threa possible explanations for this result are proffered. First, the high distortion . 
levels found in the -"standard" condition with the control at ma/imum may have ^ 
caused many of the children to wegr gain settings at a lovyer level. Another cause 
may be poor fitting earmolds. Children may have reduced the gam levels in an 
effort' to avoid excessive acoustic feedback. Finally, audiologists and other educa-. 
tional st^ m^y not be training childreh to wear their hearing aids at appropriate 
gain levefs. It is important that audiologists, teachers, and parents know the.rec-^ 
ommended gain setting for specific child and to insure that the child is wearmg - 
this aid at the desiVed level. McCandless, (1973) has offered an alternative expla_ 
nation for low-gain settings. He purports .that gain levels ^^^^^^ced to av^^^^ 
environmental sounds from exceeding discomfort level^. According to Mcpandless 
discomfort levels seldom surpass 110 dB SPL for subjects with hearing losses up 
to el dB. A 40 dB gain liearing aid, then, c^ result in amplifying sounds of 75 dB 
Jnto a discomfort range. The problem of " gain-setting requirements among yoyng 
i children needs further study. • ' ' 

^ From the sample of 3!5 hearing aids, many failed to agree w'th the Jianufac- 
turers- published specifications. Such a result lends additional support-to the pre^- 
lent view that many children's hearing aids in the public schpols are inadequate 
and are consequently providing minimal benefit to the user. ; • 

V Finally; while it is apparent that many hearing aids in thfs study ^^re no^^a is- 
factory.'; is important to stress that^he overall findings appear "^'Oje Promising 
thanfc results of previous research. An examination of earlier work (Peck^ 1969 
'Colemah, 1972; Gaeth- and" Louhsbury, 1966; Zink, 1969) suggests that ai^verage 
of 40^50 percent of children's hearing aids are malfunctioning. The results in the 
present study were somewhat better than this. This i^P;°^^^«"\"L"^ .^^^^^^^^^^^ 
at least in part -to tfle monitoring program of the audioiogic staff. Unfortunately, 
too few public school systems employ educational audiologisg. 



Cpnclusions 



The major findings'of the report include: - ' . 

1. In '27 percent of the hearing aids, the physifal condition of the instrument 

was rated fa,ulty. 
'2 Only 15 percentof the hea/ing aids used weak batteries. 

3 For a V "standard" measure. 48 percent oi the hearing aids produced 
THD of ^-20 parcent. In the '.'as worn" setting. 10 percent of the hearing aids 
used-oroduced^HD >20 percent. - - ^ „ 

4. 0S4O percent of the children set their volume controls at levels which 
produced gain values of <. 35 dB. _ ' ^ , ., . * 

5 A minimum .of 25-30 percent of a sample of hearing aids failed to agree 
with the manufacturers' specifications. Eighty percent of thtese aids did not 
■ meet specificationsW a basic frequency response. - 
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Recomrhendations 

• In view of the findings described in Jhis r^ort, it appears^thafpublic scho6l 

• programs; need to intensify their efforts to -monitSr, Iroubie-shoot, and maintain 
the hearmg aids of aurally- handicapped children. The number of inservicepintng 

. program? for, teachers, speech and lang^uage pathologists, and ancillary staff needs 

• to be mcfeased. Teachers- must concern themselves with the particular hearing-aid 
needs of their children. Parents should also continue to be a primary target for ' 
these prpgrams. For all inservice training, the vahue of th^ educational audiologist, 
workmg \n conjuncfron with public school staff,' cannot be'overe^phasized:" 

The feasibility of training paraprofeSsionals or aides to monitor hearing aids 
shoiJ|d be explpred.Jheie persons could assist professionals in the intensive daily 
monitoring ofchildren-'s hearing qids.,- • ' , . x 

- All school programs for thq hearing-impaired should have immediate access to 
hearmg aid testing equipment capable of measuring distortion products and fre- 
quency response curves. Many of the problems uncovered in this study could 'if)e 
quickly remedied if testi*ig^quipment were available. Such a recommendation does 
not seem unrealistic now that rather simple, inexpensive portable equipment is 
available. • ' . -V • • ". . • , ^ 

In- large educational programls for the hearing-impaired such as the/ipecial edu- 
cation division of Los Angeles, serious consideration should be given to employing 
a hearing aid repair technician to assist in maintaining children's hearing aids. Addi- 
tionally, each educational program should have a large supply of components for' 
a variety of types of hearing aids. Programs should also maintain a diversified 
number of stock hearing aids for the hearing-impairetd children. " 

Finally, there appears to be a need to research hearing aid gain requirements 
among hearing-impaired children. Information is needed about the relationship ' 
between gain and such parameters as degree of hearihg less, audiometric cormgu- 
ration, differences m electrdacoustic responses,^nd discomfort thresh#lds. The 
pros and cons><3f1j|ing fixed gain settings should ilsKbe explored. " • - " 

' , \ . » 
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At least three purposes for making electroacoustic measurements of hearing 
-aids have emerged since Romanow (1942) first offered suggestions for standardiz- 
ing such tests. While these purposes are not necessarily separable, they place dis- 
tinctive demands on measurement strategies. 

The' most obvious goal for hearing-aid measurement is the enlgineering goaL 
Here, the task is to determine whether design criteria have been°m*et7*tb ascertain, 
contributions 'to total system variability arising from components, and to insure 
an acceptable Jevel of quality control in the manufacture of^hearing aids» Measjjre- 
ment strategies fulfilling these objegtives must be accurate, reliable, efficient, and 
cost-effective. Examples of attengpts to further these goals include standards docu- 
ments issued by the Hearing Aid Industry Conference (HAIC, 1961), and by various 
stdt3dards organizations (American National Standards Institute — ANSI S3.3, 1960; 
ANSI S3.8, 1967; International Electrotechnical Commrs'sion— lEC 118, 1959), 
'.A second goal can be. termed scientific. ^Such measurement strategies have as 
their objective the identification of electroacoustic phenomena, and the discovery 
of cause-effect relationships among electroacoustic and perceptual events, Generali* 
zations are sought which promote development of accurate^ data-efficient engineer- 
ing and clinical procedures for dealing with hearing aids and people. Especially 
important are the logical cross-conndction laws linking the statistically average 
hearing aid user to the real listening world through engineering and clinical data 
(Chial and Hayes, 1974). Examples of this approach are given by Harris, et al. 
(1961), Jerger and Thelin (1968), and Burkhard and Sachs (1975). 

A third objective is clinical. The task here. is that of matching people to ma- 
chines. The very difficult job faced by those who pursue this goal is to determine 
whether a 'particular aid provides maximum — or even acceptable — benefit to a 
given hearing-aid user. Here, methods are sought which are not' only accurate, 
'reliable, and efficient, but al^o which can validly predict the future function of 
hearing aids and the people who use them in their everyday lives (Chial and Hayes, 
1974; Carhart, 1975). Examples of the clinical approach are found in the reports 
oj Schumaier and Rintlemann (1973), Pascoe (1975), and Coleman (1972). 

One concern shared by those with engineering, scientific, and clinical interests 
in hearing aids is the matter of performance tolerances — the limits within which 
an aid must function to remain within stated specifications, this concern is re- 
flected ip recent activities of standards writing groups (Academy-of Rehabilitative , 
Audiology — ARA, 1974; U.^. Food and Drug Administration — FDA standard pro- 
posal draft 5, 1975; ANSI standard proposal S3. 22 draft 51, 1976). - 

The development and^ evaluation of tolerance criteria is especially important 
with respect to hearing aids used by children. It is well established that as a 
group, hearing-impaired children have the greatest need and the least ability to 
secure consistently adequate amplification. Coleman (1*975) summarized the re- 
sults of several earlier studies (Gaeth and Lounsbury, 1966; Zink, 1972; Coleman, 
1972; Porter, 1973) with the observation that fully half of. the hearing ards worn 
by children can be expected to function poorly or not at all. This disturbing obser- 
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vatton persists despite the use of ''very liberal jninimum requirements for hearing 
aid performance*' by independent investigators "whose work spanned nearly s 
decade. * - ^ ^ 

One factor not adequately known is how consistently proposed tolerance criteria 
can be applied to electroacoustic data obtained on children's aids under different 
conditions. The purpose of this study was to contribute an answer to this question. 
An important aspect of the question 'relates to the availability, auality, ^nd suffi- 
ciency of comparative information (e,g., manufacturers' specifications for hearing 
aids). Existing standards methods were used forlhis reason, 

» 4 

• ' ' Method* — ^ 

General Approach - . ' 

\ ' . I ' 

Two classes of information were gathered kom each hearing aid tested in this 
study. Both classes of da^a were obtained with the hope thai judgments could 
be made about the general ajlequacy of a hearing aid, and (to some extent) about 
the adequacy of the device as operated by its user. 

Qualitative data were acquired through a physical inspection of each ai'fl and " 
its battery. This information is similar to that sought in service inspe^'^tions pro- 
* vicfed by hearing-aid suppliers, audiologists, and classroom^ teachers. 

Quantitative data were gathered through standardized and specialized electro- 
acoustic measurement procedures. This class of information is typical of what 
. might be obtained at a manufacturing ptent, service center, or audiology clinic. 
.Data were gathered through field (Bess, 1976) and laboratory (present study) 
measurements of the same 'feroup of aids. Laboratory measurements were taken 
in a manner similar to that described by Bess except that (different equipment was 
used, a xlifferent individual operated the equipment, and the data were gathered 
at different times. ^ ^ 

'Comparisons between field and laboratory electroacoustic data were sought to 
ascertain the reliability of such measurements, and to determine the consistency 
with which decisions can be made about hearing-aid ^dequacy. Additional com- 
parisons related manufacturers' specificati'ons to empirical informatipn collected 
in the field and in the laboratory. ^ ^ 

Hearing Aids: Selection and De$iCription of Sample , - 

Bess (1976) described selection methods, measurement procedures, and the 
results of a field study of 121 hearing, aids used ^y children enrolled m the 
Special Educatjon Division of the Los Angeles Unified School District. A sample of . 
16 aids was selected by Bess from this larger group tested in the*field. Rental 
devices, were provided to children whose aids were subjected to laboratory testing. 
^ Hearing aids were to be surrendered in an "as worn" (AW) cgndition. Earmolds 
and batteries were removed, and gain and tone controls were secured in AW posi-, 
^ions with adhesive tape. The^aids were then shipped (with batteries, but without' ^ 
earmolds or tubing) to the Department of "Speech Communication at the Univer- 
sity, of Texas at Austin for measurement. Approxfmately 3 days were spent in 
transit; the aids were inspected immediately following arrival. 
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* Ten of the hearing aids were of tffe body typie, while six were ear level devices. 
'In aH\^eight -manufacturers were represented. The aids differed widely in vintage 
and design: all were equipped with externapgain controls and tetecoil circuitry; 
13 had*either internal or external tone cdhtrols; five" permitted adjustment of 
maximum power output; two were equipped with^^utomatic gain control circuitry; 
and one had a directional microphone. Thus, the sample can be considered repre- 
sentative of the population of hearing aids used by hearing-impaired chijdren/lt 
was assumed that the sample also was representative of the group of aid^ tested 
by Bess (1976). 



QualHail'^e Assessmeni 

Objective . ' , 

The purpose of this assessment was to establish whether judgments of hearing- 
aid adequacy could be made from direct observations which require little or no 
special facilities. All hearing aids were examined within 2 days of .their arrival. 

Procedure 

Identifying information was cataloged indicating type of hearing aid, manufac- 
tiJrer, model, serial number, type of battery and receiver (if any), and project 
identification number. Gain, output, and tone-control settings (internal and ex- 
ternal) were noted; considerable care was taken to mark or otherwise identify the 
AW positions of adjustable external controls. 

One feature of 'the physical examination was battery voltage.^ Batteries were 
measured with a digital voltmeter (Tektronix DM 501) under each of three con- 
ditions. First, voltage was measured with no load applied to the battery. Although 
such measurements are common, they convey little information about the ability 
of a battery to supply current to a circuit. Therefore, the battery was placed in 
parallel with a 680 ohm load resistor for a period of 1 minute, whereupon a second 
voltage reading was taken. This load was selected to simulate a 1-2 maxurrent 
drain; a relatively short load duration was. specified to minimize the effects of 
measurement on later electroacoustic assessment. The load resistor was removgd, 
^the battery allowed to recover for 1 minute, and a third voltage reading was taken. 
The difference between pre-load and post-reqovery voltage was taken as a figure 
of merit for the battery un(^er test: the smaller ^he measured difference, thS better. 
^ battery was considered defective if the first voltage measurement was more 
than 10 percent below the nominal value of the cell, or if the voltage difference 
between the first and third measurements exceeded 5 pe^rcenfof the nominal value 
of the cell. 

Hearing aids were inspected for evidence of corrosion, "dirt, cracks in aid, elbow, 
or receiver, clogged sound paths, frayed cords, damaged connectors, etc. Each 
aid was fitted with a fresh battery and an earmold. External controls were 'checked 
for gross integrity. Variable gain and. tone controls were checked for smoothness 
of operation (mechanical and acoustical),- and freedom from noise. The input*, 
selector switch and telecoil .circuit were checked by placing the aid near a-t^road 
band electromagnetic noise source. Receiver cords and connectors v^ere manipu- 
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lated gently to check for intermittency. Overall sound quality was checked by 
listening fb music passages at each of sev,eral hearing-aid gain settings. 

Data Reduction 

Observations were recorded on a form devised for that purpose. Departures 
from ideal function were dichotomized as being ''minor" (i.e.', not likely to impair 
hearing aid performance) or "major" (i.e., of a type or magnitude likely to degrade 
performanc^. - ' - 

Objective 

These measurements were intended to describe the electroacoustic perform- 
ance of the hearing aids pursuant to determinations of merit. Data w6re collected 
iB(two groups over "a period of about 10 days following receipt of the aids. 

Apparatus' » ^ 

Descr/pf/on. Like that reported by Bess. (1976), the laboratory measurement 
method was an automatic comparison method. Figure 1 illustrates the equipment 
used to gather electroacoustic data in the laboratoj;y. Swept-frequency, sine wave 
signals produced by a wgye a^ialyzer (General Radio 1523-P4) were routed to a 
levpl regulator (Qeneral Radio 1569), and then to a passive high-pass filter (Fc = 50 
Hz). The filter output was directed to a^power amplifier (lyiaclntosh 50), through 
a fuse to a loudspeaker (Radio Shack P/N 40-1341) housed in a test chamber 
(Bruel & Kjaer 4212). The inner walls of the test chamber (which simulates an 
anechoic space for the frequencies of interest here) were filled wfth sand. 

A 1-inch pressure microphone^ (Bruel & Kjaer 4144) was<fixed in a position 
within the test chamber. The output from this microphone drove an amplifier 
*(Bruel & Kjaer 260S), then ithe control signal line of the level regulator. The 
function of the control channel was to sense the sound pressure level (SPL) 
generated in the., test chamber/and to vary the output of the regulating amplifier 
such that the SPL seen Ir the test chamber was constant across a range of fre- 
quencies. Thus, the control channel compensated for irregularities Jn.the frequency 
response of the loudspeaker, and for frequency nonlinearities arising from the ' 
interaction between loudspeaker and test chamber. 

A second microphone-amplifier combination (identical to the first) was employed 
to sense th6 SPL generated at the output of a hearing aid. The measurement 
channel miCKophone was fitted with a 2 pm^ acoustic coupler (Bruel & Kjaer DB 
0138) that dould be mbdified to accept either "button" receivers used with body 
aicte>Q4;^u^ng^ for connection to post-auricular devices. According to the manu- 
facturer, this coupler meets the requirements of lEC standard R 126, 1961, 
ANSI document Z 24.9, 1949, and (essentially) ANSI 3.3, 1960. The Bruel & Kjaer 
4212 test chamber .has high-pass filters (Fo=150 Hz), one in the outqut line of 
each microphone channel. These filters were engaged throughout this study, 

A reversing switch permitted routing the signal from either microphone to the 
wave analyzer. The control channel signal was selected for level calrbration, the 
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Figure 1. — Block diagram of instrtimentation used to rpake eiectroacoustic measurements of hearing aids. 



measurement^annel signal for heaNng-aid measurements. The wave analyze^ was 
equipped with a tracking filter (100 |^z.wide band-pass in this case) synchronized 
in frequency with the wave analyzer oscillator. The graphic level recorder (General 
Radio 1523 with 1523-9661 chart paper) produced a permanent amplitude vs. fre- 
quency record. The level recorder was equipped with a 100 dB range potentiometer. 

An alternate signal generator (General Radio 1309-A) 'was used as a low- 
distortion source of fixed-frequency pure tones* for measurements of harmor^ic 
distortion. A frequency counter (^allantine 5500A) permitted calibration of fre;^ 
quency, and a microphone calibrator (Bruel & Kjaer 4230) was used to caljbf^ro 
level. , ' ^ ' ,^ ( 

Calibration. The instrumentation described above met or exceede'd the relevant 
hearing-aid measurement system requirements for automatic comparison sy^ems 
as described in lEC 118, 1959; ANSI S3.3, 1960; HAIC, 1961; ARA, 1974; FDA 
propt)sal draft 5, 1975; and ANSI S3.22 proposal draft, 51, 1976. Compliance 
with tolerances given in these standards was verified by measurement before and 
after data were taken from hearing aids. The single exceptipn to compliance may " 
have been that relating to the effects of stray electromagnetic fields (field intensity 
was not measured]); otherwise, the system was within stated tolerances with respect ' 
to freciuency linearity, frequency accuracy, amplitude linearity, amplitude accuf-acy, - 
recorder system accuracy, harmonic , distortion, total system noise, and pqsitional 
effects aJ^^Hrestest point in the sirnulated anechoic space. ' . 

Runmng calibrations were made each time the test system was activated. One 
of these was a \level -accuracy calibration. The sound-level calibrator^was placed 
on each of the two microphones in turn. This device produced a 1.0k Hz tone at 
a SPL Of 94 dB W: 20/tPa). With the calibrator oo the control microphone, the 
control oiignnel amptrfier was adjiisted to indicate 94 dB SPL at the amplifier. 
The graphic level recorder pen position control was set to yield an appcopriate 
deflection ior this signal. The. calibrator was tjien placed on the other microphone 
and the sensitivity of the measurement channel amplifier was* adjusted to pro- 
duce ^n identical pen deflection. Thereafter, changes in\fnput signal level were 
accoa>plished at 1.0k Hz with' the regulating amplifier level control and veVified 
with the control channel measurement amplifier. Frequency accuracy was cali- 
brated with the digital frequency counter, which was always in parallel with the 
input to the passive filter immediately preceding the power amplifier. 

All measurements were, taken with the wave analyzer tracking filter, engaged. 
Frequea€y>€sponse measurements were taken from 100 Hz to 6.5k Hz at a sweep 
speed oK JO seconds per decade frequency^. Distortion measurements were taken 
from a loWer frequency limit defined -by. the driving frequency (500, 700, or 900 
Hz) to an upper limit of 6.5k Hz aVsi sweep speaed of 50 seconds per decade fre- 
quencj^. \ . , ^ ? 

X. — ^ y r 

Procedures ^^\\ 

Hearing ^dVj^ measured under each of two analysis conditions. In the ficst 
/€oflditipf^-(AVW^ tone, and other controls were Set as they had been when 
l^h e j/d was rei^ved. Presumably, these. settings represented normal use condi- - 
tions for the aids tested. The fntent of AW measurements was to duplicate those 
taken under similar condifions in the field study. In the second condition (STD), 
hearing aids were operated in accord with ANSI S3.3,^ 1960 and in accord with- 
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the measurement conditions indicated on manufacturers' specif icatipn sheets. The 
IntetTt of STD measurements was to duplicate those made by hearing-aid manu- 
facturers. . * , 

A)< Condition " ' ■ 

The battery shipped with the aid was inserted and controls were iy)sitioned as 
they had been when tjje aid was first examined. The, aid was placed jn the test 
chamber'so that the microphone of the aid fell within a test ^rea of , approximately 
3 cm2 marked on the -support screen. Thus, the hearing-aid microphone opening 
was perpendicular to the loudspeaker diaphragm and parallel to the plane of th^ 
control microphone. The 2 cm3 acoustic coupler was attached to the measure- 
ment microphone. For body aids, the hearing-aid receiver was secured to the, 
coupler by means of a staadard rubber gasket, and the'mi9rophone-coupler assem- . 
biy was placed in its receptacle outside the test cavity; Ttie internal recei\fers of 
post-auricular aids were joiiied to the coupler by m^eans cff a s^.jnch length of 
number 15 AWG (id) flexible tubing and a nipple plate inserted.' in vthe c6upler 
For these aids, the measure ment microphone-coupler asigjribly was |)laced inside 
the test cavity. The tubing used for AW condition tests had the ^me nominal ' 
dimensions as that used by Bess (1976). . 

The test chamber was sealed, a signal was introduced at a SPL of 70 dB, and 
a frequency response curve was recorded. This tufv^e was considered the "basic 
'response curve" .for the AW condition. Additional frequency response curves were 
taken at input SPLs of 50, 60, 80, and 90 dB. \ 
• The wave anSlyzer pscillator and the level regulator were then disabled, and 
the low-distortion sine-wave generator was placed in circuit.. This oscillator was 
successively adjusted to produce driving signals of 500, 700, and '900 Hz at a 
SPL of 70 dB. TPe wave analyzer was swept across the frequency range noted 
previously, for; each of the three driving signals. The resulting curves characterized 
the nonlinear (harmonic) distortion of the gids. 

STD Condition - * • . ^ ' ^ 

Following AW condition tests, "standardized" measurements were made. Man- 
ufacturers' specification sheets were consulted for'information about tubing dimen- 
sions, tone-control settings, power-control settings, and any other^factors relevant 
^ to electrbacoiistic analysis." These conditions were duplicated for .each aid. A 
fresh battery was inserted, and the aid was placed in the test chamber. 

A 1.0k Hz signal was produced at a SPL of 60 dB. The gain control of the 
aid was adjusted to produce 40 dB (coupler) gain or fuJI-on gain, whichever v/as* 
less. A frequency response curve was then recorded. This was the "basic response 
curve" for the STD condition. Additional curves were recorded for input SPLs pf 
50, 70, 80, and 90 dB. . ' ' 

The altQtfiate signal source was engaged, and pure tones of 500, 700, and 900 
Hz were generated at a ^PL^f 75 dB. Harmonic distortion curves were taken for 
each of the three input signals. ^ , * • * 

The tesj chamber was opened, and the^hearing-pid gain control was advanced 
to its full-on position. Frequency response curves were generated for input SPLs 
of 50. 60, 70, 80, and 90 dB. ThQ output record produced by the 50 dB input 
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signal was considered the basic descriptor of.^coust1c gain under th^ SJD pon- 
ditiop. The result 0,f the 90 dB jnput signal represented the performance of^he 
aid at saturation. Typically (but not inevitably), a 90 dB input ^signaf produces 
the (greatest ^plitude output signal'an aid can provide. The saturation condition 
v\^as verified for each aid by increasing the^SPL of a l.Ok Hz tone t6 i00. dB. Fi- 
nally, a fulhon gain distortion series v/as run for driving frequencFes of 500, 700, 
and 900 Hz at 75 dB SPL ' . ' ' ' 

Other Information ' ^ ' ' - 

The original curves generated by Bess (19^6) in the field study under conditions 
analogous to the present AW and STD cdnditions v/ere obtained. Tf\us, field^and 
laboratory data were available for the same set of aid's. , ^ / 

A set of derived indices of hearing aid performance were generated from raw 
data (curves). With the exceptions noted below, data reduction followed'the pio- 
cedures outlined in ANSI S3.3, 1960;' HAIC, 1961; ANSI SS.'s' 1^967; 'arid lEC, 
118, 1959. Except for harmonfc distortion, identical data reduction method? w^re 
followed for field ^ncj laboratory data sets. . ' ' * 

Average acoustic gain was defined as the mean of the differences betweetj-inpi 
SPL and output (coupler) SPL at 500, l.bk, and 2.0k Hz. Average acoUstic ^gain 
•is expressed in decibels re: input S'PL Peak acoustic ga/n was defined as tKe 
frequency (Hz) and coupler le.\(el (dB re: input SPL) at Which the- greatest "garn 
was produced. These measurements were taken from*(l) the STD concjition jeain 
curves produced at full-on gain and ^n input SPL 6f^50 dB, and from l2) the^W 
condition curves generated for an input SPL .of 70 dB. \ . . 

Average maximum power output (MPO), or average saturation -output, was'de- 
fined as the mean coupler SPL at 500, l.pk, and 2.0k Hz with the a id" "set to 
full-on gain and with an input signal of 90 dB SPL. Pea/c^iower -output; or peak 
saturation output, was defined .as th.e frequency (Hz) and cbupler SPL (dB) 9t 
v/hich the greatest output amplitude was, observed. These indices were 'computed 
from STD condition curves'generated at full^on gain and an input of 90 dB SPL. 

Bandwidth was specified as in ANSI S3.8, 1967. Average ^acoustic gain was 
computed for the ''basic response curves" (AW condition — 70 dBjnput;.STD 
condition— 60 dB input SPL with 40-dB^ain at l.Ok Hz). A point 15 dB below 
average acoustic gain was located on 'the l.Ok Hz ordinate. A reference line was 
drawn from this point, parallel to the frequency axis. Th^ points at which the 
reference line intersected the basic* response ^ciirve designated a low frequency 
cut-off (Fl) and a high frequency cut-off (F,/)." 

Index of response irregularity (IRh is a measure of the smoothness of a fre- 
quency response curvei Originally devised by Jerger and Jhejin (1968) and modi- 
fied for use here, IRI is not a part of existing hearing-aid measurement standards. 
However, it does permit numerical expression of the shape of a*transfer function* 
.A clear plastic template was built consisting of ^base level line and a set of 
parallel i*fes separated by 2 dB internals (relative to recorder paper dimensions) 
rising^ aoove the base level. A pair of ordinates marked' the frequency Jihiits of 
interest. The base line was aligned over the lowest excursion of the curve, and a 
count was made of how many times the transfer filnction crossed 2 dB intervals 
from 200 to* 5.0k Hz. Different templates were usee! for field and laboratofy data 
because chart paper scales were not the same. Ideal IRI can be defined as 0 — 
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a * perfectly, flat frequen^ response. IRI was determined for ''basic response 
curves" j[athered in AW (70 dB input) and STD (40 ^dB gain for a 60 dB input 
^SPL) conditions. • ^' 

Total harmonic distortion (THD) was measured differently 1or field and laboratory 
data. This was necessitated by instrumental differences. For labdfatory data, THD 
was defined as 



/ ^ 

% THD = 100 "7^^ 



where A is sound pressure amplitude (in Pascals) and where the subscript denotes 
harmonic number; Ofierationally^'THD was determined from wave analyzer curves 
by (1) finding the^decibel difference between the output amplitude at the driving 
frequency and at each of several harmonics of that frequency; (2) converting each 
decibel difference to^a ratio (percentage);"**^ (3) finding the square root of the 
sum of the squared ratios. Computationally, N 



%THD = ^EP.^ 

where Pi is the ratip (percentage) of energy at harmonic i relative to the funda- 
mental (i = l). THD values ^ere determined for driving frequencies of 500, 700, 
and 900 Hz, then averaged and expressed as a percentage. 

The approach outlined above differs from that given in virtually all extant and 
proposed standards for hearing-aid measurement. The defining equation cited in 
the standards is equivalent to: 



N 

f i=2 



%THD = 100 .. 

Note that the denominator in the last ecjljation includes the fundamental and all 
harmonics' of the fundamental, whereas the aporoach taken in this'^study was to 
(define the^ denominator in t^rri^^t the fundamental alone. In an Weal case the 
tv/o approaches will yield the%ame result for measured THD up to about 10 
percent; for larger amounts of distortion, the equation cited in the standards 

^ystematicalTy underestimates distortion. Usually,. devices that follow the approach 
given in the standards estimate, the denominator simply by nneasur-tng the RMS 
amplitude- of the entire output signal, including noise not harjnonically related to 
the input signal. Thus, for low amounts of distortion and low amplitude driving 

'signals (or noisy test locations^- distortion may be overestimated. For these rea- 
sons, the index defined in the\'§^andards is more properly termed' total harmonic 
distortion "factor."v The index ^sed^ in this study is ''true" harmonic distortion 
(Txemaine, 1^69, p. 1291). The distinction between the two definitions of THD 



would be moot were it not for the fact that high distortion figures are common (in 
hearing aid^' operated at or near saturation (Curran, 1976). It is probablylncorrect 
to speak of hearing aid distortion as a. unitary phenomenon — there will be as many 
types of distortion as there are ways to measure it (Burnett, 1976), 

Field study THD curves were generated with a signal swept across the entire 
frequency range, father than tat a number of fixed frequency driving signals. Evi- 
dently field study .equipmeg* used the definition given in the standards and 
noted above (i.e., a tuned rejection filter). For 'these data, percent THD was read 
directly from distortion curves at frequencies of 500, 700, and 900 Hz, Resulting 
values Were averaged' and expressed as a percentage/ For both data sets, percent 
THD was determined for the AW condition (70 dB input) and for the STD condition 
(at the 40. dB gain' setting, and at fulhon gain, both .for a 75 dB input signal), 
STD condition measurements of THD correspond to ANSI^S3,3, 1960. 

' Results ahd Discussion 

Qualitative Assessment \ 

Tvyo of the 16 aids (12,5 perceht) presented serious battery problems as 
worn: one aid was shipped with an Almost fully discharged ^.battery; ^another had 
no battery at all; a third aid had a battery that evidenced some corrosion. Thus, 
a total of 18,8 percent of the sample^ad minor or major battery problems. This 
^failure rate is less than what has been found in previous studies (e.g., Coleman, 
1972),* but corresponds with the results of Bess (1976): 15 percent of the aids 
had batteries.at less than full strength. 

One aid (6,3 percent) had a damaged case and microphone sound path. Threie^ 
others (18.8 percent) showed daniage to receiver cord, jcase, 'or connectors. Three 
additional ards (18.8 percent) demonstrated minor receiver problems (e,g., hair- 
line cracks in case). Two Bids had controlsr with serious malfunctions, and three 
presented subjectively poor sound quality. In all, sevin of the }6 aids (43.8 per^ 
cent) evidenced one or more problems considered sufficient to adversely mfluence 
performjHipe; 87,5 percent (14 aids) showed minor or major problems; and 12.5 
percent appeared completely , free from problems at the time; of the 'qualitative 
assessment! 

♦ 

The basic failure rate of 43.8 percent may underestimate th'fe actual dtatus of 
this group of hearing aids for either of two r^asons:^ First, since earmolds and 
connecting tubing were not available for inspection, some potential\itf£i£uUie^ 
(e,g., feedback) could. not be determined. Second, owners of the aids were re- 
portedly involved jn a hearing-aid maintenance program ^nd may have been aware 
that their, aids were to be evaluated. The presenVdata indicate a failure rate 
''somewhat higher than the 27 percent found by Bess (1976) in the field study 
of 121 aids. The difference in failure rates between the field study and the present 
effort Ms. probably due to sampling effects and differences in th/criteria of the 
respective examiners. Failure rates ranging from one-fourth to Qj^-half seem con- 
sistent with other reports of similar assessments. / ^ - - 
« 
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Quantitative Assessment 



One difficulty faced in the analysis of these data was a reduction in sample 
size arising from incomplete manufacturer data (no information on one aidV field 
data, (no information •n one --aid), and labpratory 'las worn" condition datMtwo 
aids wepg i^ntestable: one had no battery; the other was received with the gam 
control turned off). An aid wasjncluded in th6 analysis of a specific electroacoustic 
index only if complete data were available. This produced sample sizes ranging 
from 11 to 16 aids, depending on which electroacoustic measure was involved. 

STD Condition Measurements 

These findings relate^o <?uestions about consistency of measurement and the 
merit of hearing aids, per se, as opposed to the adequacy with which the aids 
were used by their owners. ' • ♦ ' 

Field, laboratory, and manufactwe^^^ata were summarized and statistical com- 
parisons were made among the three data set^. The significance of, mean differ- 
' ence^ among data sets was determined through analyses of variance (ANOVAs) 
and post-hoc t-tests, when indicated. The level of confidence. for all statistical tests 
was Pa<.05.. Exact probabilities^of observed F-ratios were found, as were estimates 



Table l^Summary of results of selected amplitude measurements of hearing aids 
taken under standard conditions (ANSI S3.3, 196^0). Empirical data Were 
taken in field and laboratory seitings. 
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of the strength of the experimental effect (0,2). describes thQ proportion of score 
variation "accounted for" by the differences afnong data sets. Wher^^aics of 
data sets werescompared, Pearson product^moment correlation coefficient (r) and 
coefficients of determination (r2) were computed, r designates .the similarity ^ong 
data ^ets, while describes the proportion*of score variance '^accounted for" by. 
the relationship between two sets of scores. 

Table 1 presents the results of STD condition measurements of .gain and satu- 
ration. Three of these indices produce very similar results for all three data sets: 
peak acoustic gain, average MPO, and peak MPO did not differJmportantly acVoss 
field, laboratory, and manufacturer measurements. However, field and laboratory 
, estimates of ^rage acoustic gain were both significantly |k)wer than manufac- 
^ turer$' specifiWtions (the two empirical estimates did riot dm^). ^ 

Table 2 (right h^lf) summarizes STD condition measurements of F^, and F/,, 
Mean^alues for Fz, did ndt differ significantly among the three data^sets. However, 
field and laboratory measures of F„ were different. This occtTrred despite the fact 
that neither empirical data set differed significaatly from manufacturers' sp^ifjca- 
tions. An inspection of raw scores for F„ indicated that field results were consist- 



Table 2. — Summary of results of selected bandwidtli measuremenHs of hearing aids 
taken undef^standard (STD) conditions (ANSI S3.3, J960) and as worn 
(AW) conditions. Empirical data were taken in field and laboratory set- 
tings. , • 
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ekl^ higher than laboratory results. This may have , been caused by acoustic 
c(Xj|pler,-hijcrophpne, or level recorder speed differences. In any event, it is almost 
certainly a measurement artifact. " • * 

Tabje 3 gives correlations iodicating the similarity among the three data sets 
for the measures summarized in fables 1 and 2. Field and laboratory measure- 
ments were markedly similar: the correspondence J)etween the two sets of meas- 
ur^ments accounts for 67-90 percent of the .score variance. (Correlations among 
(1) field and rpanufacturfer data and (2) laboratory and manufacturer data sug- 
gest that the laboratory measurements were somewhat more- consistent with pro* 
totypic specifications for ^ese aids. That field and laboratory measures. differed 
is not parti(?ularly surprising considering instrumental anB other"^ differences (Sin- 
clair/ 1976; Ely, 1976). The important implication is that at least somp tolerance 
criteria will be influenced by the variations encountered between laboratory and 
field measurements. 

The conclusions^to be drawn f?om the results presented thus far are (1) as a 
group, the aids, performed essentially as they were designed to perform and (2) 
field and laboratory measures were reasonably consistent. An exception to th^first 
generalization is average acoustic gain: aids produced mean gain values 5-7 dB 
less than those indicated by the manufacturers. An exception to th^ second gen- 
eralization, relates to high-frequency cut-off: field data produced scores about 18 
percent' higher than laboratory-data. However, neither empirical data set differed 
from specified data by more than about 1 1 percent. 

Percent total harmonic distortidn also was measured under STD conditions. 



Table 3.— Pearson product-rhoment correlation coeffidents (r) relating field, labora- 
tory, and manufacturers' data gathered under standard conditions (ANSI 
S3.3, I960), \ 
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These results are ^iven in Table 4Jor reference gain and full-on gain settings. 
Manufacturer data, are not shown because they^did not exist: in no instance was 
THD information given for the reference gain setting; in the two cases where such 
data were reported for^e full-on gain setting, non-standard frequencies-'Were 
used, precluding any copiparisdn to empirical data. 

As anticipated; both empirical data set^roduced significantly higher THD 
scores for the full-on gain setting thaa for th| .reference gain condition, Fielrf and 
laboratory measurements did not differ significantly for the full-on setting. 
Similarly, reference gain mean THD scores did not differ between field and fabora- 
^ory data^ets. These results suggest that the field and laboratory measurements 
Were similar, but correlations between |he two data sets indicate otherwise. Only 
the full-on gain setting produced a significant r (.75), accoifnting for 57 percent 
of the variance in THD scores. A reasonable interpretation is that there was no 
systematic relation between field and laboratory estimates of reference gafn THD. 
Differences in the underlying definitions for harmonio distortion probably account 
[oi the poor correspondence between field and laboratory results for the reference 
gain condition, and for the apparent transverse interat:tion between the factors of 
data set and gain setting. As implied in the methods section (above), ^the instru- 
mental solution to THD employed iit the fieldVstudy may have overestimated cfis- 
tortion in the reference gain condition and underestimated distortion inlhe full-on 
gairir setting. Other possible sources of measurement error are differences in test 
chambers and loudspeakers (Curran, 1976). 



Table 4, — Results of total harmonic distortion measurements of 12 heartng sHds 
test^ under threfe conditions of operation. Driving frequencies were 
500, 700, and 900 Hz, See text for discussion of differences in meas- 
urement methods between field and laboratory data, Tabjed values are 
percentages. 
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Table 5.— Results of frequency response irregularity measurements of 12 hearing 
aids under two conditions of operation. Tabled values are counts. 



As worn condition Standard condition 

basic response curve '. basic response curve 

(70 dB input) (60 dB input) 
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S.D. 


12.1 
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•t significant at Pa=.05; df = 11; two-tailed 

- Table 5 shows the results of field and laboratory determinations of frequency 
response irregularity Tpade under SID conditions at the reference gain settmg. The 
two data sets produced , different results: laboratory measures indicated signifi- 
cantly less irregularity between F, and F„ than did field measures. Moreover, the 
correlation between 'the two data sets was not significant. Higher IRI scores for 
field data probably are related to the fact that field- estimates of F„ were higher 
than those made in the laboratory. Very obviously, these electroacoustic indices 
are not independent. 

AW "Condition 

The results of as worn condition measurements are given in Table 6. Although 
field and laboratory rfiean -estimates of average acoustic gain differed by about, 
7 dB the differences were nbt consistent enough to be significant. Peak acoustic 
gain scores differ significantly between the two data sets, however. Neither index 
of gain—peak or average— resulted in a significant correlation between data sets. 
These findings complement those of Coleman. (1972) and Kasten, Lotterman, and 
Revoile (1967) who observed' considerable variability in gain cuFves as a function 

of time. ' ^ J r ij ^ t 

Mean THD scores were 4.1 percent and 7.1 percent for laboratory and field aata, 
respectively. While these scores did not differ significantly, the two data sets \fere 
not highly correlated (r=.32; not "significant). Both data sets produced THD 
scores lower than would be expected from prior research (Coleman, 1972; Lotter- 
man and Kasten, 1967; Kasten and Lotterman, 1967). 

AW condition measures of frequency response irregularity. Ft, and ?„ presented 
a pattern of results very similar to what was found for SID condition measure- 
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Table 6. — Sjimmary of resultsof selected electroacoustic measurements of 12 hear- 
ing aids as worn by their users ind measured under each of two as- 
sessment conditions* Measurements were made using an input, sound 
pressure level of 76 dB (re: 20 fxPa) as seen at the control microphone* 
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ments: field data produced significantly higher values for IRI and ?„] ?i results 
were essentially the same. . ' 

Comparing AW condition measures to manufacturers' data provides som^ in- 
sight into the relatio^^sHjf between potential and typical hearing-aid performance. 
One index of interest is average acoustic gain. The AW gain setting produced 
significantly less gain for field data (t-8.11; df- 10;. two-tailed) and for labora- 
tory data (t = 8.34; df=10; two-tailed), for the laboratory data set, the relation- 
ship between . AW condition and manufacturers' estimates of gain accounted for 
only 3/* percent of the score variance (r-.59, significant). For the field da1;a set, 
the Cjprrelation between AW condition and prototypic definitions of gain was (r=.61, 
significant), leaving 62 percent of the total score variance unaccounted for. The 
AW condition also produced appreciably less gain than'was found in the empirical 
STD condition -(see Table 7). Obviously, users of these/ aids received significantly 
less gain than the aids were capable of providing. While this may suggest prob- 
lems for effectiveness of use, it also indicates that children operate aids at levels 
well below saturation (gain is specifiecf as a full-on index by the standards). These 
results are consistent with those of Martin and Grpver (1976), who reported that a 
large group of children with no signs of loudness recruitment tended to operate 
their aids at 4.2 dB of gain for each lO^dB of hearing Joss (both measured at 1.0k 
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Table/ 7.-— Results of average acoustic*gain measurements of 12 hearing aids un- 
der two conditions of operation* Tabled values are given in decibels 
/ (re: input sound pressure levels noted)* 
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*r significant at P«-.05; df»«10; one-tailed. * 

••t significant at P«-. 05; df- 11; two-tailed. { ' ^ , 

As shown in Table 4, the hearing aids were, operated by their users in ways 
that produced somewhat less THD than what was found under either STD Condi- 
tion in which THD was measured. AW condition THD did not differ significantly 
from STD condition reference gain setting THD for either field or laboratory data 
set. However, for both -data sets, AW condition THD was significantly less than 
what was founc^^in the empirical STD test condition when aids were operated^at 
full-on gain. ^ " • 

Estimates of Fx,' F/,, and IRI made in the AW condition did not difj|r^nificantly 
from similar estimates made in the STD condition. This was th/ case for both 
field and laboratory data sets. y 

Determtnat/ons of Merit 

One purpose of this study was to, use available data and suggested tolerance^ 
criteria to answer questions about the merit oi the hearing aids tested under 
laboratory and field condition^. Three proposed standards include electroacoustic 
performance tolerances (ARA, 1974; FDA proposal draft 5, 1975; ANSI. S3.22 
proposal draft 51, '1976). The standards offer criteria which differ in absolute 
value, and the three documents are dissimilar with respect to (Operational defini- 
tions for individual electroacoustic indices. Moreover, proposed tolerance criteria 
are based on measurement methods and data reduction procedures that depart 
significantly from those used here and advocated in ANSI S3.3, 1969, and ANSI 
S3.8, 1967. For these reasons, there is a legitimate question about the validity of 
applying such criteria to. the present data. > • , , y 

It appears that the rationale for specific criteria givep in at least two of the 
proposed standards (FDA proposal draft 5, 1975, and ANSI S3.22^ proposal draft 
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51. 1976) is based upon manufacturing tolerances *for the components of hear- 
ing aids; e,g.. resistors (Qlsen, 1976; de Boer. 1973), Some tolerance limits 
appear to be largely arbitrary, tf these observations are correct, then differences 
among definitions of measures-* become less important than the need for close 
correspondence between empirical data and the specifications to which they are 
compared For this reason, and because available manufacturers' data were (nomi- 
nally) defined and gathered in terms 6f ANSI S3.3, HAIC, and ANSI S3.8 standards, 
it seems reasonable to apply the tolerance criteria given by the proposed standards 
to the present data. 

Decisions about the adequacy of a hearing aid can be made using relative and 
absolute tolerance limits. An example of 'a relative criterion is one that states 
that average t)\PO for ,an aid should be within ±4 dB of prototypic specifications 
(ANSI S3. 22 proposal draft 51, 1976). An absolute critericijfe iafrone requiring 
that average MPO should not exceed 135 dB SPL (ARA, 19^), or one stating 
that THD should Dot exceed 10 percent (ARA, 1974), Such criteria were applied 
to prototypiiL specifications and to the field and laboratory data gathered here 
under STD conditions. Not all of the tolerances stated in the proposed standards 
could be applied because some information was not available from manufacturer 
data sheets. , ' ' 

^ Results of allowable comparisons are. given in Table 8. Significance tests were 
not performed on these results. One electroacoustic index for which data existed 
wa^ average acoustic gain. ANSI S3.22 proposal draft 51 states' that measured^ 
full-on gain shall be within ±5 dB of that cited by the manufacturer. Using this 
rule; nine out of 14 aids tested in the field (64^percent) and eight of 15 aids 
tested ii^ the laboratory (53 percent) failefi to meet specifications. Identical failure 
rates were found using the ±4 dB criterion given by FDA proposal draft 5 (the 
third "Standard — ARA, 197^1 — specifies no tolerance limit for average acoustic 
gain). These failure rates seem appreciably higher than the 38 percent reported 
by Bess (1976) for a group of 35 Sids. 

Several tolerance limits have been proposed for MPO. ANSI S3. 22 proposal draft 
51 lists a relative criterion of ± 4 dB for average MPO, while FDA proposal draft 
5 cites a criterion of ± 3 dB for peak MPO. Forty percent of the field-condition 
aids and 47 percent'of the laboratory-condition aidsrfailed to meet the ANSI cri- 
terion. Using the FDA tolerance limit, 45 percent of the aids measured in the field 
and 67 percent of the same aids measured in the laboratory failed to meet sgeci- 
fications. These valued compare to a 30 percent failure rate for average MPO for 
'the 35 aids analyzed in the field study. The ARA proposal places an absolute upper 
limit of 135 dB SPL on peak MPO. For the present aids, failure rates were found 
to be 40 percent and 31 percent for field and laboratory data sets, respectively. 

The ANSI and FDA proposals state that the THD of a hearing aid shall be noted, 
but no tolerances are given. The ARA (Proposal states that an aid shall produce no 
more than 10 percent THD when operated at a level 10 dB below saturation. It wa^s 
felt that the STD condition reference gain setting approximated this operating level, 
since all but two aids achieved the reference output level at less than full-on gain. 
For this condition, then, failure rates. were 17 percent for the laboratory data set 
and 33 percent for the field data set.- Applying the 10 percent rule to full-on gain, 
setting measurements, 67 percent of the aids measured in the laboratory failed to 
meet criterion; 50 percent of the same aids tested in the field were not within speci- 
fications. These failure ra'tes compare to i somewhat higher rate of 74 percent for 



Table 8. — Failure rate pe^'centages and proportions (in parentlieses) for liearing 
- , aids measured undier standard conditions and compared to manufac- 
■ turers' specifications for selected electroacoustic indices. 
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(Present study) 



54% (9/14) 53% (8/15) 



64% (9/14) 



40% (6/15) 



45% (5/11) 



40% (6/15) 



33% (4/12) 



53% (8/15) 



47% (7/15)^ 



67% (8/12) 



31% (5/16) 



17% (2/12) 



71 o/o (10/14) 47% (7/15) 



50% (7/14)- 



27% (4/15) 
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"^the 35 aids measured by Bess (1976) aKa full-on gain setting. The 10 percent 
.maximum allowable THD criterion was also applied to distortion data gathered in 
the AW condition, though these results are not given in Table 8. For the field data 
set, 27 percent (4 out of 15) aids^had THD in exc-ess pf 10 percent; for the labora- 
tory data set, 15 percent (2 out of 13) aids failed to meet the 1.0 percent maximum 
THD criterion. Comparatively speaking, these results seem encouraging, but it must 
be recalled that many children operate aids at gain levels so low that the benefit 
from amplification is questionable. If the two aids that could not be tested in the 
laboratory AW condition were actually^ being used as they were received, these are 
indeed conservative estimates of failure rates. 

All three proposed standards cite tolerances for frequency response curves meas- 
ured under some definition of reference gain ("basic frequency^ response"). Origi- 
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nally, it had been planned to apply th.ese tolerances to ennpirical curves. However, 
manufacturers' basic frequency response curved were available for only two of the 
15 aids for which prototypic spedfications were obtained. Of course, this is con- 
trary to the measurement guidelines of the Hearing Aid Industry Conference (HAIC, 
1961), as well as lEC— 118, 1959; ANSI S3.3, 1960; and ANSI S3^.8, 1967, Such 
failure to comply with standards is not at all uncommon. An alternative approach 
was developed wherein empirical and prototypic data were compared in terms of 
low frequency cut-off agd high frequency cut-off. Consistent with the apparent ra- 
tionale underlying the specificatidn of tolerances in ANSI S3. 22 proposal draft 51 
^and FDA proposal draft 5, a criterion of ± 20 percent was' designated. For F^,, 71 
percent of the aids in fhe field data set were considered out of specification, while 
47 percent of the laboratory data set aids failed the criterion. For Fw, failure rates 
were 50 percent for^the ffeld data set and 27 percent for the laboratory data set. 
For the response curves gathered in the field, 93 percent of the aids (13 out of 14) 
failed to meet the ± 20 percept criterion for either Fl or F„. Sixty-seven .percent' 
(10 out of 15) of the aids measured in the laboratory failed to meet either ¥l or Fh 
specification. These last figures correspond to the 80 percent failure rate for fre- 
quency response curves found by Bess (1976) in the field study of 35 aids. 

To summarize, each of the 15 aids (100 percent) assessed under STD conditions 
in the laboratory failed to meet one or more of the electroacoustic tolerances given 
in Table 8, Sixty-seven pbrcent failed two or more tolerance criteria, and 33 percent 
failed three or more critf&ia. The field data set produced somewhat poorer results: 
all' of the 14 aids (100 percent) failed one or more tolerance comparisons; 86 per- 
cent failed two or more; and 50 percent failed three or morexriteria. Even though 
significance tests were not performed on computed failure rates, it is evident that 
field and laboratory data sets produced different estimates of merit for the same 
group of aids tested using comparable methods. This is not surprising when it is 
recalled that the two data sets produced significantly djfferertt estimates of F/,, 
THD, and IRI. It is further evident that the field study of 35 aids (Bess, 1976) pro- 
duced different estimates of failure rates than did either of the data sets discussed 
here, ' . ^ 

Failure rate results were coin pa red for qualitative and quantitative assessment 
strategies. For this purpose, aifi^id was considered defective if it failed two or more, 
of the quantitative tolerance^'criteria given in Table 8, or if one or more ''major"- 
failures were detected during qualitative inspection. Results are given in Table 9. 
For the laboratory data set, four of 15 aids (27 percent) were considered inade- 
quate by both assessment methods. The percentage di similar merit determination 
outcomes for the two ass^Ment methods can be summed to yield an estimate 
of net agreement between'^^methods. Similarly, percentages of jdissimilar out- 
comes can be added to estimate net disagreenient. Dividing agreement outcomes 
by disagreement outcomes yields an estimate of the overall correspondence between 
the two assessment methods. This ratio is 0.67, somewhat less than what would 
be expected due to chance alone (1.0). This approximation to detection analysis 
suggests that even a fairly rigorous quality assessment produces failure identifica- 
tions substantially different from those found throughN^^troacoustic measure- 
ment. It is noteworthy that the two aids that could not be tested electroacoustically 
in the laboratory AW condition (one had no battery; the other was turned off) were 
correctly identified as faulty through qualitative assessment, but not through STD 
condition quantitative measurement. 
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Table 9.— Comparison of failure rates: for hearing aids assessed qualitatively and 
quantitatively. See text for details, . , 



Quantitative assessment 
, (standard conditiori laboratory data set) 
Pass ' Fail 



Qualitative 
assessment 



Pass ' 13% 40% 

(2/15) ^ ' , (6/15) 

Fail 20% - • 270/0 

(3/15)7 ^ (4/15) 



General Discussion ' , 

The findings described here are discouraging to say the least: 100 percent of the 
aids tested in the field or in the laboratory failed at le^st one tolerance criterion. 
However, several factors must be kept in mind in interpreting these results:^ 

First, different measurement equipment, different equipment opeptors, and/or 
different test times can produce significantly different results. This can occur de- 
spite reasonable attempts to maintain consistent measurement strategies arid con- 
siderable effort to insure that different instrumentation system^s meet the require- 
ments of existing staiidards. Similar results are reported by Sinclair U976) and 
Ely (1976). This finding has implications not only for the reliability with which 
.decisions of merit can be made but also for the validity of such determinations. 

Second, comparison^ between, prototypic data and empirical data produce judg-^ 
ments about the merit of hearing aids, per se, and not necessarily about the benefiT 
(or lack of benefit) a given aid may provide to a given hearing aid user. Obviously, 
e:ktreme failures to meet tolerances (say, a THD of 60 percent) bode ill for success- 
ful hearing-aid pse. But the importance of less extreme failures (say, a THD of 15 
- percent) has not' been established. With respect to THD specifically, strong argu- 
ments can be made supporting the desirability of values in excess of 10 percent 
(depending on how distortion is produced and what other signal processing may 
accompany it — e. g., Thomas and Sparks, 1971; Smaldino, 1972; and Chial, 1973). 
The point is that "distortion" (however defined) is not necessarily bad. Some trans- 
mission system non-linearities improve perfbrmance for some listeners. The criteria 
^' given in standards proposals may or may not serve the needs of engineering quality 

control, but they are not universally accepted a^ being relevant to scientific or clini- 
cal electroacoustic measurement needs (Curran, 1975). It should be noted that 
virtually all the available engineering guidelines for hearing-aid design rest upon 
factors relevant to adults, not children (e. g., the articulation index). The needs of 
children, who are in the process of acquiring speech and language, may be very 
different from the needs of adults (Carhart, 1975). At best, proposed tolerances 
can contribute information about whether an aid is functioning as it was designed 
to function.. The tolerances say nothing about the' wisdom or value of the design, 
nor about the wisdom with which electroacoustic and audiometnc data niay have 
been used to match children to aids, nor about the benefit provided by a given aid.* 

Third, it has been obvious for some time that existing measurement standards 
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(most particularly, the current favored 'acoustic couplers) do not' produce data 
very similar to what is observed in re&) ears (see Chial and Hayes, 1974, for re- 
view). Thus, there exists no necessary con^nection between, moderate departures 
from tolerance limits and what would be expected to occur in tijg auditory canal of 
a hearing-aid user. Existing 2 cm^ couplers are designed as limited simulatipns of 
the peripheral auditory systems of adults, not children; Indeed, differences between 
couplers and ears are probably more important than departures from' specifications, 
up to and including the relative tojerance limits given in proposed standards. It can- 
not be assumed that two aids which nrieet tolerance criteria for a given design will 
produce the same benefit for a specific Tiearing-aid user. 

Fourth, there is the matter of how extensively and specifically manufacturers' data 
are used in selecting amplification for 9 given child. If such data were critical to the 
selection of amplification and if the validity of this use of*electroacoustic informa- 
tion were demonstrated, then Ihe outcome of failure analyses like that presented 
here would be extremely important. The simple fact is that except for fairly general 
guidelines, we do not really understand what is required to provide optimum benefit 
from amplification (Martin and43/over,* 1976). Carhart, in one of his last published 
statements on hearing' aids, summarised this problem most succinctly when he 
stated that we are without benefit of a" systematic* theory of hearing-aid application 
(Carhart, 1975). 

Finall)^ it must be stressed that thd^ most direct (and probably the best) way to 
answer questions about the adequacy of a child's hearing aid is|to measure listen* 
ing performance with the aid adjusted as it is worn by the child. This approach en- 
tails its own very serious problems, for children — especially young children with 
limited or nonexistent oral-aural skills — are often quite ^difficult to test. Neverthe* 
less, behavioi'al confirmation of the probable effects of misuse or underuse of am- 
plification is necessary. Some work has been done along these lines (Brooks, 1973; 
Byrne and Fifield, 1974; Asp, 1975; Pascoe, 1975; Martin and Grover. 1976), but 
considerably more data are needed on a broader range of elect^oapoustic par- 
ameters, listening conditions, and age groups. 



-5 ^ 
Conciu^ons and. Recommendations 

This project attempted to assess the consistency with-wiiich electroacou^tic 
measurements can be made of childr^ns' hearing aids an6 the consistency with 
which such data caa be used to answer questions about the integrity or merit of 
these aids. Also of interest was the consistency with which^qualjtative and quantity 
tive .assessments of hearing aids identify faulty devices. The same group of hearing 
aids used- by children were measured under field and laboratory conditions. The 
two measurement conditions differed with respect to equipment, operators, and the 
time at which measurements were taken. ElectroacQustic performance tolerance 
limits. were selected from among those' advocated bj^^^rrently proposed standards 
for the electroacoustic measurei^ent of heating^d^Cqnctusions are as follows: 

1. Heaping aids worn by children tend not to be' within suggested tolerances 
of manufacturers' specifications. Two estimates of failure rate emerging from 
^ ' this study are 8©^ percent (field , data) and ^7 percent (laboratory data). All 
of the aids tested in the field (N 14) or in the laboratory (N = 15) failed 
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at l^east one electro^coustic tolerance check. 

2. Different instrumental methods yield different estimates of some electro- 
acoustic indices. Those measures lea^t ?iffected were average acoustic g^in, . 
peak acoustic gain, average maximum power output, and peak maximum ^ \ 
power output. Indices most affected were those related to details of transfer 
functions. ' • 

.3, Differences in instrumentation produce differences in merit determinations. 
This was so for groups of aids, as well as for individual aids. 
4. Qualitative and quantitative assessments of hearing aids yield, dissimilar 
judgments of merit. This was the case for groups of ^hearinigj^jds and for aids 
considered .individually. \ ' 

•5. Some questions about hearing-aid adequacy cannot be answered because 
of insufficient compar.ative information from manufacturers: hearing-aid pro- 
ducers typically do not adhere to existing industry standards for electro- 
acoustic measurement. 

6. Some questions about the adequacy of a hearing aid as worn by a particu- 
lar child cannot be answered because of inadequate information about audi- 
tory impairrnent. 

7. Specific criteria for electroacoustic and other determinations of merit are 
important factors in judging hearing aids, per se, and in evaluating afds as 
worn by tiieir users. ^ 

Efforts to insure consistent and adequate performance of hearing aids used by 
children need to be increased. This oft-made statement of need is in no way dimin- 
ished by the* problems of technical measurement discussed here. One — but only 
one — aspect of this effort should be electroacoustic* monitoring of hearing aids. 
The problems associated with such measurement .suggest ttie .need to approach 
the 'design of monitoring programs with some caution. The use of electroacoustic 
tolerance limits and other' criteria for verifying hearing-aid performance must be ^ 
tempered by recognition of (1) the effects of differences in measurement equip- - 
ment and methods, even when those differences seem to be minor, and (2plhe 
distinctions between issues of engineering quality control and audiologrcal-educa- 
tional benefit. The availability of relatively inexpensive electroacoustic measurement 
equipment is by no means a panacea. Many serious faults can be detected only 
through careful physical inspection. Many such faults will be completely missed by 
standardized electroacoustic measurement regimens.' '^X^ 

The best considered program for -monitoring hearing aids through application of 
rational tolerance limits will be of little value unless more complete and better 
documented data are provided by hearing-aid manufacturers. Except for the most 
blatant 'problejris, the absence of such information leaves us. with a severe "rubber 
yardstick'^^Jroblem. It cannot be stressed^ strongly enough that producers of hear- 
ing aids/^ould conform to some' Identifiable standard for electroacoustic measure- 
ment./Some firms already have an excellent record in this respect. All firms need 
to accept a national standard and abide by it. 

The important role of the child's hearing aid needs to be stressed to every person 
in a position to help that child. This includes teachers and parents, audiplogists, 
hearing-aid dealers, and school administrators. Teachers are especially important, 
for, it is the classroom teacher who is most often regarded as an authority by the 
child and by his parents. If the teacher is unconcerned, or is Unsure about what a 
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hearing aid is and how it works, then the services of even the finest support team 
may be inadequate. A primary objective for the teacher should be to motivate the 
child to accept responsibility for his own hearing aid as soon as possible. 

Serioqs consideration should be given to the development of physically more 
robust hearing aids equipped with *'child-proof" controls that can be set in fixed* 
positions. . 

Additiomal effort should be directed toward the refinement of hardware -devices 
capable of monitoring hearing aids in v/ta. Preferably, these devices fhould be cap- 
able of simple retrofit to existing aids, and should produce an easily noticed signal 
in the event of failure. "HAMDU'' (Hearing Aid Malfunction Detection Unit) is one 
such device which shows^sreat potential (Roeser, Gerkin, and Glorig, 1976). 

More information is^eded relating electroacoustic events in aids as obtained 
with existing and proposed standards to what happens at the child's eardrum. In 
other words, we need validating information for electroacoustic measurements. This 
suggests the neecHeHi^ acoustic couplers that more closely model childrens' ex- 
ternal ears, (2) more exacting tolerances for electroacoustic measurement systems, 
and (3) serious consideration of other electroacoustic indices of performance Ce.g., 
intermodulation and transient distortion). Results of these and other efforts may 
help us phrase electroacoustic^ Ible/ance limits with realistic implications for habili- 
tation and rehabilitation." \J 

Finally (and perhaps most importantly), there is a need to learn more about the 
effects of hearing aids on the child's auditory perception of his world. More infor- 
mation is needed relating the electroacoustic parameters of hearing aids as worn 
to children's auditory abilities and deficits. If information of this type can be gathered 
from both successful and unsuccessful users of amplification, we may be better 
able to devise, rational guidelines for selecting and configuring hearing aids for 
children. What is called for here is a behavioral ''failure analysis" similar to the 
electroacoustic 'failure arralysis permitted by specification tolerances. Of course, this 
implies the need to discover or invent efficient and effective audiological methods 
for assessing listening behaviors in aurally handicapped children. 

All of these efforts must recognize the' inherent - circularity of 'the problem of 
relating electroacoustic and psychoacoustic data. Neither class of information con- 
stitutesra clear and simple ''truth reference" fof the other. If hearing-aid technology 
is to continue to progress, it m4st do so through the closest possible cooperation 
of those engineering, scientific, and clinical interests in hearing impaired children. 
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Guidelines for Audiology Programs in 
Educational Settings for 
Hearing-Impaired Children 



Mark Ross and Donald R. Calvert 
Co-Chairnnen, Joint Connnnittee . 
on Audiology and Education 
of the Deaf " 



? , Preface 

' These '^guidelines" are |he fifth revision of a document- drafted 4 years ago by 
the Joint Cqmmittee on Audiology ancf Education of the Deaf.^They reflect a great 
deal of input from educators and audiologists with compromises among differing 
points of view. Jhese '^guidelines'^' have been approved by the Legislative Council 
and the£xecutivp Board of the American Speech and Hearing Association (ASHA) 
and by -the Executive Committee of the Conference of Executives of American 
Schools Jor the Deaf (CEASD). The Association and the Conference are the parent 
groups of the Joint Committee. 

The document speaks for itself. -In this preface we report some of our observa- 
tions made on the path toward acceptance of the ^^guidelines'' and our thoughts 
about their implementation. , ' ' . 

In hone of the doubts, reservations, suggested revisions, or requests for clarifica- 
tion that we received did anyone question the validity 'of the three premises upon 
which the- document, is based: (1) the normal primacy of the auditory channel for 
^ speech and language development, (2) the evidence relating to the ^tent of resid- 
ual hearing among "deaf" children, and (3) the currently inadequate exploitation 
of residual hearing, This is a heartening observation, especially considering that we^ 
sought opinions from those on either side of the* oral/manual controversy. The 
primary cause *for concern about the guidelines was ^ economic: where would the 
money come from' to implemer\t such recommendations as the audiologist/pupil 
ratio. 

' The members of the Joint Committee recognize the economic realities of our 
time. Many of us are, or have been, administrators of schools. We know the diffi* 
culty administrators have in securing adeaiJbte funding, even for worthwhile pur- 
poses. But this is precisely the task admi/nstrators face: acting primarily as educa* 
tors and cbild advocates, to convince financial sources to support educationally 
sound programs,, and then to allocate existing resources to reflect .educational^ 
prioritfes. The availability of accepted guidelines for audiology services makes it 
possible for the audiology component of ecjucational programs to compete with 
oth^r components for limited financial sresources.' ^ ^ 

We should like to see the "guidelines" implemented immediately in all educa- 
tional settings serving hearing-impaired children throughout the country. We know 
that is not, going to, happen. We do beljeve that educators who are serious about 
the use of residual hearing for hearmg-impaired' children will do tbeir best to 
begirt the process toward implementation. As the process develops we expect to 
experience problems as well as positive support for this guidejines, to learn from 
these experiences and to modify future guidejines accordingly. We have simply 
made a beginning.^The performance of hearing impaired children in the future will 
guide our' future^fforts. . 
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Many preschool and scbool-age children have hearing impairments severe 
enough to affect their ability to function normally -in an educational setting. Al- 
though each child has a legal, constitutional right to comprehensive quality service^ 
in educational settings, fewer thap 50 percent are currently receiving appropriate 
services (Weintraub, Abeson, and Braddock, 1971). TKe position taken in these 
guidelines is that audiology programs should be an integral part of comprehensive 
services to hearing-impaired children in educational settings (ASHA, 1973). 

These guidelines are not intended to cover identification audiometry programs. 
Although identification audiometry should be an- integral part of a total audiological 
service for all children within any given school system, these guidelines are for 
programs in which children have already been identified as having a hearing impair- 
ment and requiring special educational and habilitative services. The American 
Speech and Hearing Association adopted Guideline^ for Identification Audiometry 
in November 1974 (ASHA, 1975). ^ 

The term educational settings refers to organized programs of instruction, in 
private or public and residential or nonresidential environments, for hearing-im- 
paired children who manifest special educational needs as a result of their hearing 
Impairment. The rationale for organizing comprehensive and intensive audiology 
programs in these settings is based on three interlocking factors: 

1. The auditory channel is the route through which speech and language 
development normally takes place. The human being's development of speech 
and language appears to be based on innate, biologically programmed factors 
(Lenneberg, 1967; Fry, 1966) which can be explcrited most effectively through 
an auditory input (Liberman, et al., 1967). The use of other approaches for 
teaching initial language and speech skilly to hearing-impaired children must 
|be considered inadequate, though frequently necessary, substitutes for the 
^'real thing.'' 

2. Most- hearing-impaired children possess significant residual hearing capa- 
city (Goodman, 1949; Huitzing, 1959; Eliott, 1967; Boothroyd, 1972; Hirsh, 
1973). Interpreted pessimistically, these studies show that from one-half to 
two-thirds of the children enrolled in 'schools for the deaf have ^potentially 
useful residual hearing. This is precisely the population of hearing-impaired 
children expected to manifest the most severe hearing losses. 

3. Efforts to erbf^oy maximally the residual hearing of most hearing-impaired 
children genera I ly'^have met N^ith little success. The evidence clearly demon; 
strates that at any one time, at least half the children's hearing aids can be 
malfunctioning; that many of the children who possess hearing aids do not 
routinely wear thenr^-and that children who can potentially benefit from ampli- 
fied sound do nbt'^even own a hearing aid (Gaeth, Lounsberry, 1966; Zink, 

' 1972; Findlay, Winchester, 1972; Coleman, 1972; Northern, et al., 1972; 
Skalka, Moore, 1973; Porter, 1973). Classroom auditory trainers frequently 
far^ little better than personal hearing aids (Matkin, Olsen, 1970a; Matkin, 
Olsen, 1970b; Wilson, Hoversten, Thies,*1972; Sung, Sung, Angelelli, 1973; 
Matkin, Olsen, 1973), and the poor acoustic conditions existing in classroom 
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environments limit the effectiveness of even appropriate amplification (Ross, 
1972). Finally, the great care needed to ensure indivicjualized electroacoustic 
packaging to the impaired ear is-seldom realized (Ling, 1964; Genge, 1971; 
Gengel/fascoe, Shore, 1971; Sung, Sung, Angelelli, 1971; Danaher, Os-^ 
• berger, PiCkett, 1973; Erber, 1973). These problems are understandable in 
view of the understaffed and ill-equipped audiology programs typically found 
in educational settings, and they, are not likely lo be remedied without a 
dedicated effort to strengthen these programs. 

These guidelines attempt to- describe* the audiological conditions necessary for 
the exploitation of the auditory channel for speech anVi language development to tb^ 
degree permitted' by the residual hearing capacity' of a hearing-impaired child. 
Schools and society are investing large sums of money in hearing aids, auditory 
trainers, and other audiological equipment. This investment is a wasteful expen^- 
ture unless this equipment is properly used and performing according to specifica- 
tions. It is unrealistic to expect overburdened -administrators and teachers to 
supervise the full exploitation of residual hearing in addition to their many other ^ 
responsibilities. In regular and special education programs, the assistance of such 
resource personnelas psychologists, meglia specialists, guidance counselors, reme- 
dial-reading specialists, and learning disability teachers is welcomed. All of these 
specialists are finding a fruitful field for their endeavors. In educational programs 
for the hearing impaired, however, the audiologist, a resource person with skills to 
ensure the maximal exploitation of residual hearing is either absent, in short 
supply, *or inadequately supported. The inclusion of welj-educated audiologists is 
necessary to implement the commitment of educators to use optimally the residual 
hearing most hearing-impaired children possess. 

Not all educational settings may be in a financial position to implement the 
entire program immediately. Possibly some of the suggested functions of aucliolo- 
gists will seem uselessly esoteric while others may need to be added or modified.- 
Nevertheless, unless there is agreement on an eventual goal and informed comn\it* 
ment to high standards, improvement in audiological sendees is not likely to occur. - 
It is expected that each step in the implementatiorT of these guidelines will justify 
and' support further steps until the entire program can be implemented. Certainly, . 
modifications in the guidelines should be made as ixperf^ce with their use ac- 
cumulates. Some educational settings may find it fihalncially desirable and conven- 
ient to contract for some or all audiology services with already existing facilities in 
their communities. In these instances, it is important that the spirit of these guide- 
lines be adhered to, in that such arrangements shou d result in comprehensive and 
coordinated services to tlm-Cbil^, parents, and educational staff. In any event, 
community-wide and' intgf^encypl^mg. is desirable to>minimize unnecessary 
duplication of professional services. It is emphasised that vastly improved audio^ 
logical services will not be ^ panacea for spreech aind language* problems. Miracu- 
lous cures are not likely to result, but improved performance in/a significant num- 
ber of cK/ldren should occur. Intensive audiological intervention is deemed^* 
appropriate regardless of the .''edupational method" being used. There is no intent 
in these guidelines to favor, explicitly, or implici|ly, any particular education ap- 
proach. 



ERIC 



57 



5S 



y 



Personnel 

. , 1. One audiologist with a Certificate of Clinical Competence (CCC) in Audiology br 
its equivalent for.aRproximately every 75 hearing-innpsired children receiving spe- 
cial instructional and habilitative services in th^ educational setting, 

2. A Director of Audiology (v^ith either M.A. or'Ph,D:) with a. CCC in Audiology or 
• Its equivalent in any program where there are three or itfbre audiologists. The PH.D. 

degree is advisable in settings-committed to a program of research. 

3. One electronics technici^m for every 100 to 150 hearing-impaired children. 
, 4. One full-time secretary /clerk for programs with three or more individuals Wiethe 
^'^--^staff. Part-time assistance will be needed in programs with one staff audiologist, 

or One or more audiometric assistants. 

6. One or more consulting otolaVngologists. - 

Equipment 

• 1. One sound-treated double room for programs with one audiologist and two 
sound-treated double rooms for every three audiologists employed. The dimensions 
of the test rooms should be sufficiently large,.to permit pediatric and hearing-aid 
evaluations in the soun#4ield. 

2v.0ne two-channel clinical audiometer will be needed' for each sound-treated 
double room, including the associated sound-field speakers and amplifiers. 

3. A stock of loaner hearing aids in good working condition, along with extra cords, 
batteries, and receivers. ItJs assumed that all children will have their own hearing 
aids and that classroom auditory training units will be available. 

4. Equipment for analyzing the electroacoustic characteristics of hearing aids and 
auditory .training systems. 

' .5. Instrumentation for impedanceaudiometry. 

6. A sound-level meter and appropriate equipment for calibration of pure-tone and 
speech audiometers. 

7. Ear-impression material kit, instamold kit, stock earmolds, hand grinder, ear- 
mold cleaners, and other miscellaneous earmold equipment. 



Job Descriptions * , 

Audiologist 

1. Conduct comprehensive and periodic audiological assessments for each child. 
Younger children should be assessed as often as necessary to establish consistent, 
valid measures. Other children should be tested annually or whenever questions 
arise. Newly enrolled hearing-impaired students should be given a complete audio- 

Mogic assessment. Additional audiological assessments may be<needed when a new 
hearing aid is being considered, when otological examination is positive, when im- ^ 
pedance audipmetry indicates a change in the middle ear status or when teachers 
or parents notice a change in the child's auditory behavior. 

2. Administer specific audiometric measures appropriate to the hearing-imfJaired 
child's needs and status. Children with recurring middle-ear problems may require 



58 



59 



only pre- and post-tr^ment pure-tone and impedance measures. The audiologist 
should be prepared to administer, when indicated, such assessments as: pure-tone 
audiometry; carefully graded speech discrimination measures; middle-ear imped- 
ance tests; tolerance and clpmfortable listening levels; speechreading tests; com- 
bined modality tests; aided and unaided sound-field ^measures; electroacoustic 
analysis of hearing aids; comparative hearing-aid evaluation; comparative intelligi- 
biifty functions under Afferent degrees 'of. filtering; binaural versus monaural evalu- 
ations; dichotic listening^meas.ures; and other psychoacoustiQ measui^es that appear 
appropriate; for example, synthetic formant discriminations, difference limens for 
frequency, intensity and time, temporal integration, and effects of masking. 

3. Advise school Administrators and educators regarding- the selection and pur^ 
chase of auditory training equipment, and further be responsible for the electro- 
acoustic evaluation of such equipment once it is placed within the classroom. Sub- 
sequent to purchasing such equipment, conduct or provide for periodic electro- 
acoustic evaluations of it at leakt once per school year. 

4. Assess and monitor classroom acoustic? and the proper use of amplifying 
equipment, with consideration of the possible effects upon speech understanding. 

5. Conduct auditory training programs for individual students qr groups using or, 
developing appropriate materials for the particular children involved. The auditory 
training program should be based on the children's agditory status and develop- 
ment, 'and it should be developed in consultation with classroom teachers. Results 
of such programs should be evaluated and shared with teachers and others working 
with the children. 

6. Participate in and/or conduct speech and language development programs 
based on an auditory approach. 

7. Conduct inservice workshops for teadhers and other staff members on such 
topics as microphone technique, intensity and articulation of input speech, rele- 
vance-of language to topic, checking hearing aids daily, trouble-shooting ofgheanng 
aids and classroom equipment, significance of audiogram in terms of acoustics of 
speech, speech perception, and prosodic phenomena. Periodic classroom visits and 
teacher consultations may be considered inservice training too. 

8. Conduct inservice training with electronics technician on the significance of the. 
audiogram in relation to the characteristics and use (3f amplification equipment. 
Review, electroacoustic data collected by the techniciaiL. 

9. Make impressions for earmolds and^teach earmold care to all staff members 
and students. ^ , 

10. Participate in the admission procedures and placement procedures. Help de- 
velop criteria for early decisions regarding educational methodology to be em- 
ployed with each child. 

11. Participate in out patient audiological program as appropriate in terms of 
community needs and time available. 

12. Participate in parent-guidance and instructional counseling programs, *Serve 
as a resource person in such programs to provide information on hearing loss, 
aucjiograms, hearing aids, acoustic environment, speech and language activities for 
home programs, i., " ^ \ 

13. Conduct audiological research when possible and discuss its significance with 

staff and community leaders. 

14. Evaluate quality and effectiveness of all aspects of audiology program. 
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Electronics Technician 

V 

1. Assess the status of hearing aids and claa,sroom auditory training equipment at 
le^st three times during each school year. 

2. Repair and maintain all auditory amplification and the speech or language 
training devices'being used with the hearing-impaired children. y 

^ 3. Assist >with audiovisual ^equipment and videotapepqtliprfient as skills.and ex- 
perience permit. ""^^-L^ 

4. Conduct or assist in the calibration and repair of audiometers. 

5. Develop instrumentation required for research projects and^Drograms of auditory 
training. 

Secretary/Clerk 

1. Maintain the records of the audiology program. 

2. Answer telephone, make appointments, and maintain a schedule for each staff 
nfiember. ^.J^ ) 

3. Cornplete correspondsftcej^sks required for the staff members. ' 

4. Perform other tasks Squired for the operation of the audiology department 
under the direction of the staff members. 

Audiometric Assistant 

1. Perform specific tasks for which- they are trained and supervised on the job by 
the audiologist in accordance with the American Speech and Hearing Association 
Guidelines on the Role, Training, and Supervision of Communication Afdes adopted 
in November 1969 (ASHA, 1970). 

2. Such tasks might include the administration of routine audiometric assess- 
ments, first echelon hearing aid maintenance, and acting as a test assistant for^ 
assessing pfeschool children^or children who have behavior that makes them dif- 
ficult to test. \ ' ' 

Director of Audiology 

L Supervise and administer complete audiology program under the general direc- 
tion of the school's chief administrator and op a coordinated basis with other 
department heads in the school. 

2. Assign or conduct any portion, of the program described above. 

3. Participate in community public relations in Jterms of the audiology program. 

r4. Serve as a liaison with^personnel in clinics, colleges, and universities or in the^ 
public school setting, using audiological programs. Act as audiology coordinator 
fdr any program that feeds children, into the educational setting or into which 
children are assigned. ■ ' \ 

5. Supervise audiology practicum when school is affiliated with a college or unj- 
^versity training program. May teach course work related to audiology sjervices in 

am educational setting in the event of such an affiliation. 

6. Direct or delegate research, projects relative to use of amplification; effects of 
auditory training, and communication skills development. 
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DIX A 



APPEI^l 



Forms used in hearing aid 
monitoring program (Los Angeles) 



MARY' E. BENNETT SCHOOL , 
166 South Burlington Avenue 
Los Angeles, California 90057 
(213)483-32il 



Celeste S. Baker 
Principal 



Date: 



Dear. 



tcxlay. ■ 
Batteries 



Ear Molc^ 



Cord 



Hearing Aid 



's hearing aid was not working properly in sjchool 



dead, replaced/please send more to school. 
]?very weak, please check this evening. 



need to be cleaned. 

fitting needs to be checked by your hearing aid dispenser 

(dealer) as soon as possible. ^ 

broken, please replace immediately. 

, needs' to be checked by your hearing aid dispenser (dealer) 

as soon as possible. 

Please check to see that your child's hearing aid(S) 5re working every morning. 
Thank j(ou for your help. ^ ^ - 



Sincerely, . 



Teacher 



T 



Rosa Osuna, Audiologist 



c Celeste S. Baker, Principal 



MARY E. BENNETT SCHOOL 
1^6 South Burlington Avertue 
LoS^ Angeles, California 90057 
(213) 483-3211 



Celeste S. Baker 
FJrincipal 



Estimade Sra. 



Fecha: 



El audifono de 



no estaba funcionando 



bien en la escuela hoy. 
BATERIAS 

^ Ya no sirven, .fueron replazadas, por favor mande mis. a la 

escuela. 

— _Muy debiles, por favor cambielas. ' ^ 



MOLDES DEL OfDO 



CORDON 



_Se necesitan linnpiar. 

-El ajuste debe ser revisado por su provecdor del audifono. 



AUDfFONO 



Se rompio, favor de reemplazarlo inmediatamente. 

_EI audifono debe ser revisado por su.proveedor de este apa- 

rato le mea pronto possible, no esta funcionando bien. 
Por favor revise ye asegure que el audifono de su nirto/a este en perfectas condi- 
clones cad#maftana. Gracjas por su cooperacion. 

\ 



Maestra 



Rosa Osuna, Audiologista 



Celeste S. Baker, Principal 




,MARV L BENNETT SCHOOL 
166 South Burlington Avenue 
Los Angeles, California 90057 
(213) 483-3211 



Celeste S. Baker 
Principal 



Date:- 



Dear 



Your child, 



was no" 



hearing aid today. Please notify the school of its present condition, (checl^one) 
L aid not working' 

aid being repaired ' 

aid lost ; 

* ^ ear mold problems 

^ , ^ no batteries 

othBr (specify) ^ 




rt^se return this filled in form to the school. You can send it back tp scttbol with 
your child. . ^ 

Thank you for your help. 



Sincerely, 



Teacher 



Rosa Osuna, Audiologist 



Celeste S. Baker, Principal j 



File: student 
audiologist 



9/75 Developed by Audiologic Resource Unit, HRB 

MARY'E. BENNETT SCHOOL 
166 South Burlington Avenue 
Los Angeles, California 90057 
(213)483-3211 



Celeste S. Baker 
Principal 



Fecha: 



Estimade Sra. 



Por favor indiqua en esta forma por que no lo trajo. 



Ilego hoy a la escuela sm su audifono puesto. 




Rosa Osuna, Audiologi 



Celeste S. Baker, Principal 



Comentarios: 



_ to estan companiendo ^ 

_ No trabaja 

_• Lo perdio ^ 

_ Noy hay baterias - 

. Problennas con el nnolde 

_ Otra cosa (especifique). 



Firnna del padre e guardian 



File: student 
audiologist 
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FOR TEACHERS: 

HOW TO GIVE A LISTENING CHECK TO THE CHU.D'S PERSONAL HEARING AID 

1 Use your own individual ear mold if you have one. . , 

2 Check the battery to see that it is in 'correctly, clean battery terminals with^ 
aft eraser if necessary. In ear level aids, terrtiinals should be cleaned by dealer 

3 Establish a comfortable listening level for each hearing aid and listen daily a; 
•this volume setting.' If the aid sounds v^eak, insert a new battery if one is avail- 
able. If volume iff still low, refer parent to dispenser. 

"4. Set controls: 

A. "On/Off" switch in "Off" position. 

B. Volume Control at lowest setting. " - 

C. Switch in "M" or mjke position. 

D. Tone cohtrol in setting most frequently needed. • -\ 
5 Place the receiver to your ear.« Cover the receiver with the palm of your hanfl 

and hold the main part of the hearing aid away from your ear to prevent feed- 

6 - Turn' the. hearing aid "On." Turn the volume control wheel up and down 
slowly, listening for scratchiness or dead spots. ^The volume control should 
neither be excessively loose, nor bind against the case. , 

7. Turn the ."On/Off" switch back and forth to check for intermittent sound or 
loose contacts. 

8. Establish a comfortable listening lev§l. 

9 Roll the cord back and forth between the fingers to check for cut-cuts with 
body aid.. With ear level aids, check the .plastic tubing for possible stiffness, 
'pinholes, or. cracks. 
,'^10 Check the firmness of cord connections. 

'll'.- Gently tap the hearing aid on all sides to check for a reduction of power or 
loose connections. Check for loose screws in the tase. ^ ' » 

12 With the aid 'in thf "Off" position and the receiver out of your ear,, place your 
■ thumb firmly overfthe opening in the receiver. Turn the hearing aid on and 

turn the volume all the way up. Listen for afsoft whistling sound from the 
hearing aid case or from the receiver.. With ear level aids', put your thumb 
firmly over the opening in the ear mold. ^ . ^ *u * , 

13 Check the earmold for cleanliness. Clean if necessary. Suggested, that a 
weekly classroom project involve cleaning ear molds. In this^way the children 
can learn how to take care of their molds and transfer this knowledge to their 
home Pick one time a week to thoroughly clean the molds by soal^ng tttem 
in warn soapy water for about five minutes. Rinse them with clear water and^ 
let them dry on a paper towel until all the water is out of the canal. A pip^ 
cleaner can be used to dry and to clfean the bore. of the mold. Do not^use the 
mold until it is completely dry. , , 

14. Use the letter to parent re: pupils personal hdaring aid forms (PHA— 1 to d). 
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APPENDIX B 



Release forms distributed, to parents! 
.of hearing-impaired children 
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AUDIOLOGIC RESOURCE UNIT 
SUMMARY OF AMPLIFICATION MONITORING FORMS' 
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AUDIOLOGilC RESOURCE UNIT 
AMPLIFICATION MONITORING FORM 
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EXPLANATION 




To the Parent or Guardian oL 



From: The Los Angeles City Unified School District 

% 

^ In cooperation with the Bureau of Education for the hlandicapped, U.S. Office of 
Education, the Los Angeles City^Unified School District is examining the working 
condition of hearing aids. •* . 

' This study assumes that your child is wearing fhe corre^ct aid; therefore its purpose 
is to test to.find out if your child's hearing aid is working technically as stated in 
the' manufacturer's specification. You will bp informed of the results of the test of 
. 'your childjs aid. The test will be done at your child's school. It will take 15 to 30 
minutes. Your child's a'udiological records will be examined to check against the 
current working of his or her aid. There will be no tharge for testing your child's 
hearing aid. 

There will be no identification in the data of youf child, no demographic informa- 
tion, and no examination of your^^ild's academic, psychological or counseling 
records will be made. Yq^r child wHI not be asked any questions except those specific 
to the technical examination of his or her aid. y 

k 

' A small number of aids will be selected at^-andom to be given a more rigoroUs lab-' ^ 
oratory examination.^ The ^tudy assume the responsibility for the aid when it 
is sent to the laboratory. While your Child's aid is at the laboratory he or she will 
be provided a loaner aid at no risk to you. Your child's own aid will be returned 
within 10 to 14 days. ^ - 

i^. ' . ' . 

Thank you for your cooperation. 

* ^ 

^ I give -my permission for my^ child to participate in this study. 



Signed: 
Date: — 





Para los Padres o el Guardian de 



DE: El Distrito Escolar Unificado de la Ciudad de Los Angeles 

En cooperacion con la Agencia de Educacion para los Incapacitados, Oficina Fed- 
, eral de Educacion, el Distrito Escolar Unificado de la Ciudad de Los Angeles esta 
examinando la condicion del funcionamiento de los audifonos. 

Esta encuesta asume que su nino esta usando el aparato apropiado; por esta razon 
el proposito de dicha encuesta es el de conducir pruebas para determinar si el 
audifino usado por su nifto funciona ^4ecnicamente tal como lo dictan las especi- 
ficaciones del fabricante. Se le informara a Ud. sobre los resultados obtenidos 
acerca de las pruebas del audifono de $u nino. Los pruebas tendran iugar en las 
escuela a la que su nino asiste. Tomara de 15 a 30 minutos. Los registros audio- 
I6gij26s de su nino seran examinados para compararlos con el funcionamienta actual 
del audifon. 

No habra identificacion en los datos acerca de su nino, ni habra informacion demo- 
grafica y tampoco se condducira ninguna examinacion de los registros academicos, 
psicologicos 0 de asesoramiento del mismo. No se le haran a su nifto ningunas 
preguntas excepto aquellas que sean especificas para la examinacion tecnica de 
^ dicho aparato. * ^ 

Se seleccionaran al azar un numero pequeno de audifonos para someterlos a una 
examinacion de laboratorio mas rigorosa. La encuesta asumira responsabilidad por 
el aparato al ser enviado este al laboratorio. Mientras el audifono de su nifto esta 
en el laboratorio el o ella sera provisto (a) de un aparato prestado sin riesgo alguna 
para Ud. El audifono de su nifto sera regresado en un perlodo de 10 a 14 dias. 
Gracias de antemano por su cooperacion. 



Doy mi permiso para que mi nino participe en esta encuesta. 



Firma: . 
Fecha: . 
Escuela: 



i 

X 
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